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PHYSICAL SCIENCE 


Ideal 
Predicting 


Investigation | 


AC 
Do You See What | See? 


This is a golf ball. Chi Chi Rodriguez is a champion at putting golf balls where they belong. 
If you want to discuss basketball, take a look at Willis Reed. 
How good are you at observing and describing things? Imagine that you are communicating 


with someone on another planet. He has never seen the Earth, much less a basketball game. 
How would you describe a golf ball or a basketball to someone who has never seen one? 


Willis Reed 


Chi Chi Rodriguez 
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A. IT’S IN THE BAG 


You will be given a paper bag with some things in it. Do not show the contents to 
anyone. The teacher will ask someone to select an object from his bag and to hide it in his 
hand. He is to describe the object to the class. He cannot give the name of the object or 
tell what it is used for. No one should ask him questions until he has finished his 
description. 


Imagine that everyone in class is from another planet and names don’t mean a thing. You 
are to describe, not name. As the object is described, look for it in your bag. Do not show 
what you selected to the rest of the class. When everyone is ready, someone will say: 
“Show!” Hold up your object. 


Repeat this a number of times. The aim is to get everyone in class to show the same 
thing. You are an expert describer if you can get everyone to hold up the right object. 


1. Did everyone show the correct object 
every time? If not, why not? 






2. What is necessary before everyone can 
show the correct object? 


B. JOT IT DOWN 


A scientist must be able to make brief but 
accurate notes on the thing he is studying. 


You will be given another paper bag. Again, 
do not show the contents to anyone. The 
class will repeat the activity with the new 
set of objects. 


~ iy ao ie 
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3. This time write a brief description of 
each object on your data sheet. Write down 
the name of the object after it has been 
identified. The first one has been done for 
you. 


4. Did everyone show the correct object 
every time? If not, why not? 


5. What is necessary before everyone can 
show the correct object? 
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C. DO YOU JUMP TO CONCLUSIONS? 
What you think you see depends on things you may have assumed. 
6. Look at the picture above. What is happening to the man in the middle? 


If you said the man in the middle is being arrested, you were wrong. Look carefully at the 
picture again. 


7. What do you see on the man in the middle? Now what can you say about him? 


Did you find the small object that suggests what the man in the middle may be? If you did 
you are observant and you do not make hasty assumptions. 


You’ve heard the saying: ‘He can’t see straight.” This means that a person can’t see things 
as they are. A scientist has to see things as they really are. 








D. THE SWINGING LIGHTS 


Can you observe accurately? Let’s see. You 
will be given a piece of string about 18 
inches long, some tape, a paper-clip hook, 
and a washer. Attach the paper-clip hook to 
one end of the string. Tie a knot 18 inches 
from that end of the string. Tape the end of the string without the hook to the edge of a 
table. Hang the washer on the hook. 





Pull the washer back to the distance shown. Let it swing. Watch it. Concentrate on it as it 
swings freely. Try to get into the rhythm of its motion. 


8. What do you notice about that rhythm? 


If you’re not sure, stop the washer and swing it again. This time pull the washer just a slight 
distance away from the vertical. Again, let it swing and watch it. Really get with its beat. 
Count its swings for a while, each time it reaches the top of its swing on the right. 


9. What do you notice? 


There is something about the beat of that Swinging washer. Try several times more, pulling 
the washer back to many different positions. Each time, count out the beat. 


10. Was the beat slower when you pulled the washer far back from the vertical? 
11. Was the beat faster when you pulled it back just a little way from the vertical? 
12. Tell what you have observed about the rhythm of the swinging washer. 


Over 400 years ago a man in church noticed the lights swinging from the ceiling. He was 
puzzled by something. He went home and did the same experiment you have just done. In 
time Galileo—that was his name—made one of the basic discoveries in science. 


13. What must a scientist be able to do well? 
14. Why should you be able to do it well, also? 


The following investigations are all like this one. From what you do yourself you will 
discover ideas on your own. We call a small, specific idea a concept. 


CONCEPT SUMMARY. (In one sentence, tell the most important thing that scientists do.) 
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Physical Science Idea 1 Name 
Predicting 
Investigation 1 





Date Class 






Data Sheet 


A. IT’S IN THE BAG 


Wy 





If not, why not? 





oe 








B. JOT IT DOWN 


Bs Description Name of Object 
(a) white; round; very light; hollow; Ping-Pong ball 


about 1% inches across; slightly flexible 


(b) 


(c) 


(d) 


(e) 


(f) 


(g) 
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If not, why not?__-——— 
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C. DO YOU JUMP TO CONCLUSIONS? 


D. THE SWINGING LIGHTS 








14. 


CONCEPT SUMMARY: 


(Always record the concept summary in the IDEA Summary.) 
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PHYSICAL SCIENCE Idea 1 Predicting 





Investigation 2 





It's a Regular Happening 


° 
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Juan Marichal 

Juan Marichal seldom walks a batter. He takes a keen look at the strike zone. 
Then there’s Jerry West—a real deadeye! 

Narinder Kapany has a good eye, too, but he doesn’t play baseball or basketball. Dr. 


Kapany is a scientist. His company makes glass tubes, called fiber optics, that allow you to 
look inside an engine, or inside someone’s stomach. 






Jerry West 






Narinder Kapany 
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In the last investigation you learned that scientists have to make accurate observations. But 
what are scientists looking for? 


A. SWINGING AND COUNTING 


You will be given the string, paper-clip-hook, tape, and washer, just as in the first investigation. 
What you will make is called a pendulum. Get with its beat, as you did in the first investigation. 
(Remember that a “swing”? means the complete movement from the top right position, over to 
the left, and back to the top right again.) 


) Pull the washer back 3 inches | (c) 
and | let it — a 


Attach the paper clip 
with the washer 





1. What do you notice about the number of swings in Trials 1, 2, and 3? 


2. If you were to make ten more trials, in exactly the same way, how many swings per 
minute do you think you would get on each trial? 


Now pull the washer back about twice as far as in the previous trials. Again, count the 
number of swings in one minute. Record your counts as Trials 4, 5, and 6. 


3. What do you notice about the number of 
swings in Trials 4, 5, and 6? 


4. If you were to repeat the procedure a 
hundred more times, how many swings per 
minute do you think you would get? 


5S. What do you notice about Trials 4, 5, 
and 6, as compared to Trials 1, 2, and 3? 
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6. Compare the number of swings with the 


3-inch pull and the longer pull. What do the 
other teams find? 


7. If a person in Norway were to do just 
what you have done, what count do you 
think he would get? 


8. If a procedure remains the same in every 
way, then no matter how often you repeat 
it, what results will you get? 


B. SHAKE IT UP 


You will be given a jar full of water. In the 
water are some other things: a Ping-Pong 
ball, some gravel, and a piece of thread. 


Shake the jar thoroughly. Set the jar down 
on its base. 


9. When they have stopped moving, how are 
the contents arranged? Which object is on 
top? Which is in the middle? Which is on 
the bottom? 


10. Shake the jat again and set it down on 
its base. In- what order are the contents ar- 
ranged? 


11. In what order would the contents be 
arranged if you did it again? 


12. Shake the jar again, but set it down on 
its cap this time. In what order are the 
contents arranged now? 


13. In what order would they be arranged if 
you did it again? 


14. Shake the jar and set it down on its 
side. In what order are the contents ar- 
ranged? 
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15. What happens when you repeat the - 
same procedure? 


——— ae 
LS 


16. Do you think the Ping-Pong ball would 
still float if you took it out of the jar and 
threw it into a lake? Why? 


C. THE HOMEMADE SUBMARINE 
You will be given a plastic bottle full of 
water with an eyedropper in it. This is 


known as a Cartesian diver. 


17. Squeeze the bottle. What happens? 
18. Stop squeezing. What happens? 


19. Repeat “17” and “18.” Describe what 
happens. 


20. No matter how often you squeeze and 
let up what will the results be? 





21. What results do you predict that everyone else in the class is getting? 


22. If someone in Argentina were to do what you have just done, what results would he 
get? Explain why. 


D. THE SAME OLD THING 


23. You have just discovered a basic concept of science. It is about doing the same action, 
in the same way, with the same materials. What is this basic concept? 


24. Once the way something happens has been discovered and explained, we know the way it 
happens will always__? 


CONCEPT SUMMARY. (This investigation was not merely about pendulums, floating Ping- 
Pong balls, and so on. Explain what science tells us about results when we repeat events.) 
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Physical Science Idea 1 Name 
Predicting 
Investigation 2 





Date Class 





Data Sheet 


A. SWINGING AND COUNTING 


Trial 1 


die rd heen 


Trial 3 


“ i 





Ds 





Trial 4 

Trial 5 

Trial 6 
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B. SHAKE IT UP 


Seek O Deere Ss > Middle Bottom 
et eee ere 2 Middle => > Bottom 
Te peewee Middle =e tO AE Bottom 
ee ee Middic ==. Bottom 
ae ope Se Middlep = Bottom 
ie geen Middle 2 Se Bottom 
eee ee = Middiee ee Bottom 
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C. THE HOMEMADE SUBMARINE 
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D. THE SAME OLD THING 


23s 


24. 


CONCEPT SUMMARY: 





(Always record the concept summary in the IDEA Summary.) 
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PHYSICAL SCIENCE Idea 1 Predicting 





Investigation 3 





What Do You Predict? 


What do you predict will happen if a boy drops out of school? 


What do you predict will happen if a plant is grown under colored light? 


What do you predict will happen if a large ball and a small ball are dropped at the same 
time from the same height? 





A. TAKE ONE 


You will be given the same bag of balls you 
used in the first investigation. 


1. Take any one ball from the bag. Hold it 
in your hand. Let go of it. What happened? 


2. Take the same ball again. Before you let 
go of it, make a prediction about what you 
think will happen. 


3. Why did you make the prediction that 
you made? Hint: What did you learn in In- 
vestigation 2? 
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4. Now release the ball. What happened? 


5. Repeat the procedure several more times. What happened each time? 


6. If you were to release the ball anywhere on earth, or even on the moon, what would 
happen? 


7. If you took a different ball, stood on a chair, and released that ball from higher up, 
what do you predict would happen? Try it. 


8. What do you predict would happen if you released the ball a thousand—a million—times? 


9. Will your statement always hold true if the conditions remain the same? Explain. 


© United Feature Syndicate, Inc. 


B. TAKE TWO THAT ARE THE SAME 


What do you predict will happen to Charlie 
Brown’s airplane? 


Take two balls of approximately the same 
size and weight. The question is: Which ball 
will hit the floor first, if you let them both 
go at exactly the same time from exactly 
the same height? 


10. Before you try it, make a prediction as 
to what you think will happen. (You will 
not be graded on the accuracy of your pre- 
dictions. So don’t be afraid; go ahead and 
predict!) 


11. All right; now release the two balls at 
the same time, from the same height. What 
happened? 
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12. Repeat the procedure at least three more times—more if you like. Does the same thing 
happen each time? Why? 


13. If you were to repeat the identical procedure a billion times, under the same con- 
ditions, as suggested by the film strip, what would happen? Why? 


14. You have made many predictions. Did you get them all right? If so, it is because you 
have observed something about the world. What is it? 


Os 0 0 [be0eG heat Gae 





C. TAKE TWO NOT THE SAME 


Curiosity was born when man _ was 
born. The earliest prehistoric man wondered 
about the lightning in the sky, about the 
cold or warmth that surrounded his naked 
body, about the ability of birds to fly, 
about the nature and habits of animals. 


Man has not stopped wondering. 


People who succeed are people who wonder 
about things. They ask questions. They 
look actively for the answers. 


Are you a curious person? If so, you will 
like science. Science is the excitement of 
finding out about the natural world. And 
the only way to find out is to turn on your 
curiosity; then it will turn you on. 


You still have a collection of balls. There 
are other things about balls besides size and 
weight. They can be hard or soft, hollow or 
solid, rough or smooth. They can be dropped 
from different heights, at different times. 


You have done two things so far in this in- 
vestigation: (a) you have dropped 1 ball; 
(b) you have dropped 2 balls of about the 
same size and weight, from the same height, 
at the same time. 


Be curious about what would happen if you 
did other things with them. Do all balls 
bounce to the same height? Do they all even 
bounce? Do heavier ones bounce higher? Do 
hollow ones fall more slowly? 
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15. List some problems that you could investigate with the balls. The first has been started - 
for you. 


Curiosity and observation lead to questions; questions lead to problems. To solve the problems 
the scientist does something that seems unscientific. He makes a guess—an educated guess. That 
guess is his best prediction of the solution to his problem. 

So the steps are as follows: 

(a) “What do I want to know?” (THE PROBLEM) 

(b) “What do I think the answer is?” (THE PREDICTION) 

16. What do you predict would happen if you were to investigate each of the questions you 


wrote at “15”? List your predictions in the same order as the questions. (Don’t say that the 
balls will hit the ground and bounce. Predict more than that.) 


17. What does a scientist do after he has stated a problem? 


CONCEPT SUMMARY. (Tell what you discovered about how scientists work.) 


© United Feature Syndicate, Inc. 


YOU CAN'T DO ANYTHING, 
CAN YOU, CHARLIE BROWN ? 
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Physical Science Idea 1 
Predicting 
Investigation 3 


Name 













Date Class 





Data Sheet 


A. TAKE ONE 











ere Explain. 


B. TAKE TWO THAT ARE THE SAME 


10. 

11. 

eee ee Why? 
ee Why? 

pee eee ee Pee ee the wet . What-is it? | 


C. TAKE TWO NOT THE SAME 


15, (a) What would happen if 
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CONCEPT SUMMARY: 





(Always record the concept summary in the IDEA Summary.) 
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PHYSICAL SCIENCE Idea 1 Predicting 





Investigation 4 





Put Up or Shut Up 


The scientist is curious. He looks at the universe to see what the facts are. Then he makes a 
prediction. About 400 years ago Nostradamus, the prophet, predicted all kinds of happenings. 
But he played it cool. His predictions were about things far in the future. 


Modern scientists don’t have it so good. They have to produce now. 
The scientist must put his predictions on the line. 


A. SPRING HAS SPRUNG 


1. After making a prediction about what will happen, what is the 
next step? 


You make and test predictions all the time. Every time you cross the 
street you test the prediction that you can make it before a car 
comes. It’s a prediction you can’t afford to be wrong on. 












Let’s try something a little less exciting. Suppose you hang a weight 
on the end of a spring, then pull the weight down about 1 centimeter 
and let it go. The weight goes bouncing up and down. The farther 
down you pull the weight to start it, the higher it will bounce. 


= 
Ces 


2. Let’s start with an 8-ounce sinker. Count and record how many 
times a minute the weight hits the bottom of its bounce. 


3. Predict whether a 3-ounce sinker would bounce faster or slower? 
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Hang the 3-ounce sinker on the spring. Pull it down one centimeter and let go. Count its 
bounces carefully for one minute. 


4. What happened? 

Is 1 test enough? Scientists are rarely satisfied with | trial. 

5. Why not settle for 1 time? 

6. Try both sinkers again. What results did you get this time? 

7. What would happen if you tested the same thing again? And again? And again? 
8. How did your prediction come out? 


9. If your prediction was wrong, what did you learn anyway? 
B. STRETCH 


Do muscles make a difference? Would Tarzan 
and Puny Pete both get the same results? 


10. Does it matter who pulled the weight 
down | centimeter? 


Let’s ask another question. If the weight 
were pulled down 3 centimeters would it 
bounce up and down more times a minute 
than the same weight pulled down | centi- 
meter? 





11. What do you predict? 


12. Now that you have predicted, what is the next step? 


13. Try the same sinker pulled down 1 centimeter and then pulled down 3 centimeters. 
What results do you get? 


14. Why should you try it again? 
15. Keep trying until you are sure. What are your results? 


16. What is testing a prediction called? Why do we test a prediction? 


CONCEPT: SUMMARY. (Tell what happens after a scientist has made his prediction.) 
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Physical Science Idea 1 
Predicting 
Investigation 4 


Name 










Date Class 





Data Sheet 


A. SPRING HAS SPRUNG 


B. STRETCH 


10. 


1S: 
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CONCEPT SUMMARY: 
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PHYSICAL SCIENCE Idea 1 Predicting 





Investigation 5 





Bigger Than What? 


The scientist enjoys the excitement of testing 
his prediction. The purpose of his experiment 
is to provide evidence that will either support 
or reject his prediction. The evidence he 
collects helps the scientist to reach his con- 
clusion. So the method of science consists of 
asking the questions: 


PROBLEM: What do I want to know? 


PREDICTION: What do I think the answer 
will be? 





EXPERIMENT: How can I tell if the answer 
will be what I predicted? 


DATA: What happened when I tested my 
prediction? 


CONCLUSION: What do the results of the 
experiment mean? Is the problem solved? 


Still Upward Bound, May-June, 1968 


What Does He Want to Know? 


A. DO YOU SEE WHAT | SEE? 


In the last investigation you bounced weights on springs. You found out that either heavy 
weights or light weights bounced faster. Could something else beside the weights contro! their 
speed? An experiment should provide evidence that will either support or reject the prediction. 
But you can collect the wrong evidence and never know it. 


You will be given the familiar pendulum you used in Investigations 1 and 2. 


Attach the pendulum to the table. Pull it back 3 inches and let it swing. Do this 3 times and 
record the swings per minute as Trials 1, 2, and 3. 


1. What do you notice about the number of swings in Trials 1, 2, and 3? 


Pull the pendulum back different distances. Let it swing. Record the swings per minute as 
Trials 4, 5, and 6. 


2. What is the relationship between the distance the string is pulled back and the number of 
swings per minute? 
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Add another washer to the hook and set the 
pendulum swinging. Count the number of 
swings per minute 3 times, and record your 
counts as Trials 7, 8, and 9. 


3. What do you notice about the number of 
swings per minute in Trials 7, 8, and 9, as 
compared to Trials 1 through 6? 





Add a third washer to the hook and set the pendulum swinging again. Count the swings per 
minute 3 times and record your counts as Trials 10, 11, and 12. 


4. What do you notice about these trials as compared to all previous trials? 

5. How many swings per minute do you think you would get if you added more washers? 

6. How does the weight at the end of a pendulum affect the number of swings per minute? 
7. How does the distance a pendulum is drawn back affect the number of swings per minute? 


8. What kind of results do you predict someone in Ghana would get if he did the same 
experiment under the same conditions? 


9. How many swings per minute do you predict that your classmates have gotten on Trials 1 
through 12, as compared to your results? 


10. Just to be sure, check with at least 4 other students. Are they getting the same number of 
swings per minute that you did? 


11. Why is that? Remember, you’re trying to learn what a controlled experiment is. 


12. Think of all the class results together, as if they were all part of 1 experiment. Was it a 
controlled experiment? Explain. 


B. WHAT’S A SEYMOUR TIRE? 


If you’ve caught on to what a control is, you should have no trouble answering the 
following questions. 


13. What is wrong with this statement? “Seymour tires last 54% longer.” 
14. What is wrong with the following statement? “‘Bigger balls bounce higher.” 


15. In conclusion, explain what a controlled experiment is. 


CONCEPT SUMMARY. (Tell. what all experiments need.) 


16 Idea 1: Bigger Than What?/Investigation 5 ©1971 by Prentice-Hall, Inc. 
All rights reserved. 


Physical Science Idea 1 Name 
Predicting 
Investigation 5 





Date Class 





Data Sheet 
A. DO YOU SEE WHAT | SEE? 
Trial 1 
Trial 2 
Trial 3 


i: 














Trial 4 
VES es | 
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2 

Trial 7 

Trial 8 


Trial 9 


Trial 10 
Trial 11 
Trial 12 


4. 
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B. WHAT’S A SEYMOUR TIRE? 


13; 





14. 


15; 


CONCEPT SUMMARY: 
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PHYSICAL SCIENCE Idea 1 Predicting 





Investigation 6 





Standard Size 


In your last investigation you learned the importance of having a control in your experi- 
ments. A control is a check or comparison to the experiment. It is an identical experiment, 
except that it lacks the one thing being tested. 


A. IT’S 33 TIDDLYWINKS WIDE 


You are going to make a homemade ruler. You may use any unit you like. (The unit is the 
distance, or space, between any two of the main marks on a ruler. Most ordinary rulers use 
the inch as their unit.) Your unit may be the width of your thumb, the length—or 
width—of a paper clip, the diameter of a quarter, or a nickel, the width of a stick of gum, 
anything you like. 


(a) You will be given a (b) Put a strip of masking | (c) Make it into aruler | (d) Measure the width of 
piece of wood tape on it by marking off your table as so many 
equal spaces 





1. What units did you use? 

2. What was the width of your table in your units? 

3. In the boxed space on the data sheet, jot down the figures giving the widths all your 
classmates got for their tables, using their units. Don’t bother to tell what units they used— 
just give the numbers. 

4. What do you really think about the widths of all the tables? 

5. Do the figures in the box at ‘*3”’ show that all the tables are the same width? 


6. What should we do in order to have the answers to “4” and “‘5”’ agree? 
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B. BOLTS AND NUTS, NUTS AND BOLTS 


Agreeing on rulers is important, but it isn’t 
everything. Two groups could use the same 
ruler unit and still have confusion. Work on 
this construction project and see. 


Here are the parts of a toy fence. Put it 
together with the nuts and bolts. You don’t 
need tools. How are things going? 


7. Put the bolt just at the edge of the nut 
so that you can see the threads of both to- 
gether. What do you think the problem is? 


Try swapping bolts with a table next to you and see what happens. 


8. Take 1 of each kind of bolt. Count the number of threads in a quarter-inch. How do they 


compare? 


9. Why is it necessary to have standard bolt 
sizes and numbers of threads per inch? 


When you buy film, 135 or 120—or some such 
number—is on the box. You use that number 


to get the right size film for your camera. 


10. Why are standard film sizes necessary? 





f the Eastman Kodak Company 


11. Why are standards important in communications and commerce? 
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C. STANDARD OPERATING PROCEDURE 


12. If you go to the music store and buy a 
record, can you be sure it will fit your 
player? Why? 


13. So we have the standard meter, standard 
time, the standard ounce, and others. What 
are standards, and why do we need them? 
How did we get them in the first place? 


CONCEPT SUMMARY. 
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B. BOLTS AND NUTS, NUTS AND BOLTS 


ie 
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C. STANDARD OPERATING PROCEDURE 


UZ Why? 
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Oh, It’s Down Yonder | 


You now know that we need standards. Standards are necessary if people are to trade 
and communicate in accurate terms. 










TYPE 1-608 
GENERAL QM ELECTRIC | 


SIMGLE-STATOR WATTHOUR METER 
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Y a Ha Ba we 2 
7 
W654 Ns NG 54 Nd 6 NG 54 
° ° 


KILOWATTHOURS 





« 







CL200 240V 3W 60~ TA30 
R13", corma 720X161 K. 7.2 


















Ohio Dept. of Highways 


Can you imagine the confusion if no one 
agreed on a quart, a mile, a pound, or a 
watt? 


You take other standard measurements for 
granted, like the millimeter used in movie 
film sizes. Millimeters are from the metric 
system. People who own foreign cars buy 
metric wrenches and sockets. 





Regular 8mm film Super 8 film 16mm film 





mm1 


A. THE NUMBERS GAME 


Look at the numbers we use. You have gone through this in math a zillion times. Every- 
thing is in tens. Not twelves, or thirty-sixes, or five thousand two hundred eighties; just 
tens, hundreds, and thousands. So why measure in twelves, thirty-sixes, and so on? Most 
people don’t! 


Go ahead: measure with tens, hundreds, and thousands. Someone has already worked it 
out for you! 


1. What do we need for any measuring system? 


You will be given a meter stick. Compare it with the diagram and answer the following 
questions. 


2. You can see lines dividing the stick. How many numbered spaces are there? 


3. If you had to do some arithmetic, would you rather multiply by 12, 36, or the number 
in question 2? 


4. Look at the tiny spaces on the meter 
_ Cs stick. How many spaces are there between 5 
si i LL and 6? 





5. If you had to divide a number, would 


23 4 5 6 7 8 9 10 1° ~~ you rather do it by 8, 16, 32, or the num- 


ber in question 4? 
Now that you have all these nice easy divi- 


sions of a meter, you have to call them 
something. 


6. What do you call a hundredth part of a dollar besides a penny? 
7. With a clue like that in question 6, what would you call a hundredth part of a meter? 


8. Some states once used sales tax tokens worth 1/1000 of a dollar. They were called mills. 
What are the tiny divisions on the meter stick called? 


9. How many of them are there in a meter? 


10. Work with a lab partner to measure your height. Use the meter stick and stand against 
a wall. What is your height in meters? 


11. What is it in centimeters? 
12. In millimeters? 
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13. Now compare to our English system. What is your height in inches? 
14. What is it in yards? 

15. Which system has the easiest arithmetic, the metric or the English? 
B. TAKE A BIG STEP 


Little divisions are nice, but what if you want to travel? You don’t measure the distance 
from New York to Chicago in inches, and no one measures the distance from Paris to Rome 
in centimeters. 


Look at the highway signs from outside the 
U.S. When you drive along the roads of most 
countries in the world, the distances are not 
marked in miles. They are marked in distances 
equal to 1000 meters. 


16. Putting kilo in front of something 
means “times 1000.’ Usually it is abbre- 
viated to just k. What does the km on these 
signs stand for? 


17. How many meters are in one km? 


18. There are 5,280 feet in a mile. Would 
you rather divide by 5,280 or by 1000? 


19. How do you multiply by 100? 
20. How do you divide by 1,000? 


21. How can you convert from 2 meters to 
centimeters? 


22. How would you change 67,000 meters 
to km? 


23. List the four major units of distance in 
the metric system, from smallest to largest. 


C. MILLIMETERS AND MILLILITERS 


Measuring volume is just as easy. You only 
have to know one word, liter. 
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24. If the liter is the unit of volume, what would you call one- 
thousandth of a liter? 


25. Your teacher has a large plastic cube. What do you know about a 
cube’s length, width, and height? 


26. Your teacher will measure one side of the cube in centimeters. 
Calculate the volume of the cube in cubic centimeters (cc). (Remem- 
ber that volume equals length times width times height.) 


27. The cube will be filled with water using a 
graduated cylinder. How many milliliters of 
water does the cube hold? 


28. What do you notice about the numbers 
in your answers to question 26 and question 
art 


D. THINK METRIC! 


A new girl checks into class. The boys all 
look up. The first of the data anyone gets 
is: She is 1720 millimeters tall. 


29. For a girl, is she tall, short, or about 
average? 


30. If the gram is the unit of weight, what 
would you call a thousand of them? 


31. The new girl weighs in at 61 kg. How does this compare with your weight or your 
girl’s weight? 


32. Find out what a few others in your class weigh. Put their weights in the box on the 
data sheet. 


33. Now you know what some others weigh. You can see how they look. Knowing her 
height, is the 61 kg girl fat, thin, or about right? 


E. HOW MUCH DOES MILK WEIGH? 


In the metric system, the measure of dis- 
tance, volume, and weight are all related. 
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34. Weigh a dry graduated cylinder. Record 
its weight. 


35. Fill the graduated cylinder to the 100- 
milliliter (ml) mark. Weigh the graduated cy]- 


inder and the water. Record. 


36. How much does the water weigh? 





37. What volume of water, in cubic centi- 
meters, was put into the graduated cylinder? 








38. How much does a cubic centimeter of ia 7 
water weigh? eo 

: 
39. You will be given a very small plastic a 
cube-shaped container. Weigh the container "| 
and record the weight? : 


40. Using an eyedropper, fill it carefully 
with water. Weigh the container plus 
water. Record. 





41. How much does the water weigh? 





42. How much water do you think is in the container? (Use the correct unit. of volume.) 


43. How many times would you have to fill this container to get a liter of water? 


(c) 
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F. METRIC OR ENGLISH? 


44. Now that we have all agreed on a standard unit of measurement, measure the width of 
your table again. What is its width in millimeters? 


45. Centimeters? 

46. Meters? 

Once you get used to the metric system, it’s easier to use than the English system. In 
metric, 1 kilogram of water is 1 liter of water. In the English system, 1 quart is not 1 


pound. In metric, 1 milliliter of water is 1 cubic centimeter, and 1 gram of water is 1 cubic 
centimeter. In the English system, 1 fluid ounce is not 1 cubic inch. 


Scientists use the metric system all over the world. Whether the research is done in New 
York, Calcutta, Mexico City, Moscow, or Peking, the units in the report are in meters and 
grams. 


Even if most of the rest of the world uses 
the metric system, should we? 


47. Suppose all of the industrial countries 
of the world have one standard and the U.S. 
has a different one. Where does this leave 
the U.S. when it comes to international 
trade? 


One big argument is that the U.S. loses a 
billion dollars a year in foreign trade be- 
cause no one wants our foolish feet and 
inches. Some of the smart money is betting 
that we will switch. One of the few in- 
dustrial countries that was not metric was 
Great Britain. They are now converting to 
metric. 





Whether you use the metric system or not, standards are important. 
48. When you go to buy a replacement part for your vacuum cleaner, why will the part fit? 


49. When a scientist does an experiment, why should he use standard units of measure- 
ment? 


CONCEPT SUMMARY. 
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PHYSICAL SCIENCE Idea 1 Predicting 





Investigation 8 





Will You Be a Dropout? 


Here is a table showing what percentage of people are married or single. It is broken down 
by sex and age groups. Can you use it to decide when you are most likely to be a married 
person? 


TABLE no. | 
MARITAL STATUS OF THE POPULATION BY SEX AND AGE 
(percent of persons 14 years and over) 


Percent Distribution 


se [sat [ mom ovo 
i fae 279 | 


MALE 

14 to 19 years 
20 to 24 years 
25 to 29 years 
30 to 34 years 
35 to 44 years 
45 to 54 years 
55 to 64 years 
65 to 74 years 
75 and over 





FEMALE 
14 to 19 years 
20 to 24 years 
25 to 29 years 
30 to 34 years 
35 to 44 years 
45 to 54 years 
55 to 64 years 
65 to 74 years 
75 and over 
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Here is a table that tells you where some of tTapie no. 2 
the boys and girls are. Why might someone sex RATIO IN SELECTED AREAS 
‘ise this table? 


Men per 100 Women 


Karen Robinson has a high school education 
and some on-the-job training. She can take 
information from a table and type it into a 
small computer. Could you take information 
from a table and understand it? 


Alaska 
Utah 
Washington, D.C. 





Let us review what you have discovered: 


a. Accurate observations are necessary to 
recognize problems. 


b. Events in nature occur in a predictable 
way. 


c. Predictions point the way to possible so- 
lutions to problems. 






d. Experiments provide information that 
will support or reject predictions. 


e. All experiments must have a control. 


f. There should be standards of measure- 
ment. 


Picture Courtesy of Friden, Inc., a division of The Singer Co. 


g. Worldwide, the most-used set of measure- 
ment standards is the metric system. 


In Investigation 6 you used lots of numbers to show table widths. Look back at that data 
sheet and note the large collection of numbers. What a mess! Experimental results should 
be expressed in numbers to be meaningful. They should be organized so they will not be 
misinterpreted. 


A. MORE BOUNCE TO THE OUNCE 


1. How do you arrange a set of disorganized numbers in a neat, simple, and understandable 
manner? 


You will use the familiar collection of balls. You may have noticed that each ball bounced 
to a different height. If you were asked to buy a ball that bounces very high, what kind 
would you buy: a solid ball, a hollow ball, a light ball, a heavy ball, a large ball, a small 
ball? 
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2. What kind of a ball do you predict bounces the highest? 


Get the balls and a meter stick. It takes two people to do this experiment accurately. One 
person should hold the meter stick and drop the ball. The other person should read how 
high the ball bounces and catch it. Before you begin, ask yourself some questions. 





3. From what height will each ball be dropped? 
4. How many times will you drop each ball? Why? 


You will put the measurements you collect in a data table. Data tables are designed 
differently for different experiments. However, they all have certain things in common: 


a. numbering in consecutive order 


b. title 


© 


a rectangular frame, or box, enclosing the table 
d. columns and rows 


. headings and subheadings, as needed, for the columns and rows 


oO 


f. units of measurement specified in headings and subheadings 


On your data sheet is a table appropriate for this experiment, but you do not have to use 
this table. Feel free to design a better one. 
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Now do the experiment and record your data in Table No. 3 on the data sheet. 
5. What ball in your collection bounces the highest? 
6. Did you predict correctly? 


You did this experiment to become familiar with data tables. In the investigations to follow 
you will be given less and less help in making data tables. In time, you will make your own 
tables. When that happens, refer to this investigation if you need help. 


B. DON’T GET FOOLED AGAIN 


Far too often people make statements without adequate proof. Proof can be furnished in 
the form of data. The more data you collect, the better your proof. 


In Investigation 5 you probably predicted that everyone was getting the same number of 
swings on the pendulum. But they weren’t. You didn’t have the data. Let’s get the data. 


You discovered that the length of the string 
affects the number of swings. But which 
swings faster: a long pendulum or a short 
pendulum? 


7. What do you predict? 


To test your prediction you need a meter 
stick, a long piece of string, a,piece of tape, 
a paper-clip hook, and a washer. 


United Metal Goods Mfg. Co., Inc. 





United Metal Goods Mfg. Co., Inc. 





Do not rush into experiments. Before you 
start, ask yourself what lengths of string you 
will use, and how many times you will swing 
the pendulum for each length. 


Do the experiment and fill in Table 4 on the 
data sheet. 


8. How do the data compare with your pre- 
diction? 
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C. DON’T BE A DROPOUT 


Here are some more examples of data tables. 


TABLE NO. 5 
WORLD SERIES MONEY 


(Each player’s share in first four games) 


Winning 


Players 


ON 


Indians 
Yankees 
Yankees 
Yankees 
Yankees 
Yankees 
Giants 
Dodgers 
Yankees 
Braves 
Yankees 
Dodgers 
Pirates 
Yankees 
Yankees 
Dodgers 
Cardinals 
Dodgers 
Orioles 
Cardinals 
Tigers 
Mets 


Oni) SP I) | (Ca —) ON I Oye) ON SO 


TABLE NO. 6 
THE TOP 10 BREWERS 
(Ranked by barrels—1968 Estimates) 


Anheuser-Busch 18,350,000 
. Schlitz 11,600,000 
. Pabst 10,750,000 
. Falstaff 6,600,000 
7 OOIs 5,303,000 
. Schaefer 5,050,000 


. Carling 5,000,000 
. Miller 4,900,000 
Hamm 4,311,500 
. Associated 4,000,000 


DOMIDNAWDHD — 


— 





Losing 
Players 


Braves 
Dodgers 
Phillies 
Giants 
Dodgers 
Dodgers 
Indians 
Yankees 
Dodgers 
Yankees 
Braves 
White Sox 
Yankees 
Reds 
Giants 
Yankees 
Yankees 
Twins 
Dodgers 
Red Sox 
Cardinals 
Orioles 





TABLE NO. 7 
NUMBER OF PERSONS REACHING AGE 18 IN U.S.A. 


2,161,000 
2,087,000 
2,065,000 
2,152,000 
2,167,000 
2,170,000 


2,261,000 
2,303,000 
2,299,000 
2,402,000 
2,572,000 


2,940,000 
2,761,000 
2,740,000 
2,750,000 
3,781,000 
3,506,000 
3,512,000 
3,491,000 
3,619,000 
3,688,000 








9. What was a Yankee player’s best winning 
year? 


10. What kind of beer sells just about twice 
as many barrels per year as Schaefer’s? 


11. In what year were about a million more 
babies born than in the previous year? 


With these examples to help you, you 
should have no trouble making a data table 
from written information. Here is the infor- 
mation. 





(1) If you didn’t finish 8 years of school, 
you are probably averaging around $86 a 
week. 


(2) If you finished just 8 years, you are 
likely to be making about $117 a week. 


Aigner from Monkmeyer Press Photo Service 


(3) Getting 1 to 3 years of high school is 
worth about $138 a week. 


(4) Finishing high school raises you to around $158 a week. 
(5) Two or 3 years of college lets you average about $178 a week. 


(6) Making it all the way through college takes you to around $229 a week. 


In percent of increase over the person who didn’t finish the eighth grade, the figures are: 
(2) Finishing eighth grade is a 36% boost. 

(3) The first few years of high school up the ante by 60%. 

(4) Finishing high school brings in 84% more. 

(5) Going part way through college makes it 107% more. 


(6) Getting through college runs up a 166% score. 
Make the above information into Table 8 on your data sheet. 
12. What message comes through loud and clear from Table 8? 


13. Why are data tables of help to a scientist? 


CONCEPT SUMMARY. (Note: The concept summary is not about balls, pendulums, or 
income and education.) 
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4. Why? 





(See page D16, Table 3) 
ae wk 2s 
B. DON’T GET FOOLED AGAIN 
Te 

(See page D16, Table 4) 
8. 

C. DON’T BE A DROPOUT 
See ee ee re ey fi 
(See page D16, Table 8) 
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TABLE NO.o 
A COMPARISON OF THE BOUNCING 
HEIGHTS OF DIFFERENT KINDS OF BALLS 


Original 








TABLE NO.4 TABLE NO.8 
COMPARISON OF SWINGS PER MINUTE OF 
PENDULUMS OF DIFFERENT LENGTHS 





Length of String Swings per Minute for each Trial 


(cm) | 4 ae Fae 
alee 
— 
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40,000 Jobs Lost per Week 


If one of your teachers put test results on the board like those below, it would take a while to 
decide how you did. 








TABLE no. | 
DOLLAR SALES OF PHONOGRAPH RECORDS IN U.S.A. 


Millions of Dollars Millions of Dollars 




















In the last investigation you found a better way to organize information. Put it in a 
table like Table No. 1. 


There are lots of numbers and they are in order. Your eye can go up and down the 
columns easily. Are tables the final word? You are on to us. You think something more is 
coming. You’re right. 

A. DRAW ME A PICTURE 


1. What can we use to make data easier and simpler to understand? 


A good picture can deliver a real message. It can hit you right in the soul. A scientist uses 
pictures too. He calls his pictures graphs. 


A graph is a pictorial way of showing data. It makes it easier to see data. If it is a good 
graph, you will get the message immediately. 


Look at Graphs No. 1 and 2. They don’t look alike, but each does its job. They make data 
easier to understand. There are some things they have in common. 7 
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GRAPH no. | 
COMPARISON OF WORKERS IN 8 JOB GROUPS—1950 and 1968 








1968 





1950 © 





1 FACTORY WORKERS, & RELATED 


2 CLERICAL WORKERS 





Millions of Workers 


5 10 15 20 25 30 











3 PROFESSIONAL & TECHNICAL WORKERS 











4 MANAGERS & OFFICIALS 


5 SERVICE PERSONNEL 


7 FARM WORKERS 























6 SALES PERSONNEL 











8 DOMESTIC PERSONNEL 








GRAPH NO. 2 
CHILDREN UNDER 5 YEARS OLD PER 1,000 WOMEN 


Number of Children 


32 


600 oS 
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200 
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(Women 15 to 49 years old) 
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2. What is the first thing that tells what the 
graph is all about? 


3. What do you see along the bottom or top 
and up the sides of these graphs? 


4. When there are numbers, how are they 
spaced along the edges of the graphs? 


Graph No. 1, about employment, is a bar 
graph. Actually, it is a double bar graph, 
because there are 2 bars for each of the 8 
headings. On some bar graphs the bars go 
up from the bottom. 


This graph shows how many workers were 
employed in each of 8 major job groups in 
1968 and also in 1950. Lots can be learned 
from such a graph. 
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5. What type of worker showed the greatest increase from 1950 to 1968? 


6. Why didn’t you have to stop and figure out the exact numbers to get the answer to 
question 5? 


Graph No. 2, about children, is a line graph. 

7. Around when were the least number of children being born per thousand women? 
8. Why didn’t you have to know exactly how many children there were to answer question 7? 
Now make a bar graph of your own. The bottom and left edges of the graph are called its 
axes. Use what you have learned about labeling them. Use the totals of record sales (Table 1) 
as your subject for this graph. 

Now go ahead and make Graph No. 3 on your data sheet. 

9. Of the years shown, what was the biggest year for records? 

10. What was the year with the least sales? 


11. What seems to be an average year? 


12. How many more dollars worth of records were sold in the biggest year than in the 
worst year shown? 


13. Does the graph suggest that record sales are going up, down, or staying about even? 


14. In what three-year period did the greatest change, up or down occur? 


B. IT SHOWS MORE THAN IT TELLS 


Let’s try another graph, this time a line 
graph. Use the data in Fable No. 2. TABLE No. 2 


THE GROWTH IN WORLD POPULATION 
15. How many points will you mark? 


(past and projected) 


16. What will you do after marking the 


points? Billions of People 
bes) 
Now go to it and make Graph No. 4 on 1 


your data sheet. Pes 

one) 
Sometimes a graph even shows more than oo 
the data tells. 
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17. For instance, consult your Graph No. 4. How many people were there in 1960? 


18. How many people do you estimate there will be in 2025? 


So you see, a graph can give you more information than you collected. Graphs can be very 
helpful. Pollsters use them to predict the results of elections. Businessmen use them to predict 
sales possibilities. Sports writers use them; television producers use them. Scientists couldn’t 
do without them. There’s a graph for everyone. 


C. WILL YOU HAVE A JOB TOMORROW? 


Because of scientific and technological advances, 40,000 jobs are being cut out each 
week. This is 2 million jobs per year. Most of the jobs that are eliminated require little 
education or training. But when a machine eliminates such a job, it often creates a job that 
requires more training. Each year, more than one and a half million new jobs of this kind 
are developed. Make Graph No. 5 on your data sheet from the information in Table No. 
3. Use a double bar graph to compare New York City with the U.S. 


TABLE NO. 3 
TYPES OF JOBS IN THE UNITED STATES AND NEW YORK CITY 
(percent of all jobs) 


Type of Job United States, % New York City, % 
White collar 47.5 fe 

Blue collar 40 31 
Service 12.5 





19. What kinds of jobs are more common in New York City? 
20. What should a person who is living in the city do to prepare himself for a job? 
21. Why are graphs important? 


CONCEPT SUMMARY. (It has nothing to do with population or unemployment.) 
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B. IT SHOWS MORE THAN IT TELLS 
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C. WILL YOU HAVE A JOB TOMORROW? 


GRAPH NO. 5 
TYPES OF JOBS IN THE U. S. AND NEW YORK CITY (percent of jobs) 
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Blue Collar 
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ea, 
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GRAPH NO. 3 
TOTAL YEARLY SALES OF PHONOGRAPH RECORDS IN U.S.A. 
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Don't Stop Me, Man-l'm Really Moving 


You have caught on to the spirit of science. You’ve learned how to run a controlled 
experiment. You’ve discovered that science is finding answers and solving problems on your 
own. 


A.KEEP ‘EM ROLLIN’ 


In Investigation 8 you found which of your seven white balls bounces the highest. Does a 
ball that bounces the highest also roll down a hill the fastest? Let’s try it. 





Get the seven white balls and a length of corrugated roofing to use as a runway. Use a 
book to raise one end of the runway. Place another book at the lower end to stop the 
ball. You also need a timing device. Your data will be the number of clicks on the timer it 
takes for a ball to roll down the runway. 


Set the timer to a fast beat. Take your time and do the investigation well. You are on 
your own. Write up the experiment fully on the data sheet. Use everything you’ve learned 
from the past nine investigations. 
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Problem: What are you trying to find out? 


Prediction: What do you think the answer 
will be? 


Equipment: List everything you will be 
using. 


Procedure: How will you do the experi- 
ment? 


Results: Make a data table and a bar graph 
of the data you obtained. Use only the aver- 
ages for the graph. 


Conclusion: What do the data tell you? Did 
you predict correctly? The last thing you 
did was to draw a conclusion from your 
experiment. 


1. What must all conclusions be based on? 
B. THE TWO FACES OF SCIENCE 


What you have just done is the important 
final act of scientific research. You have 
written what a scientist calls a paper. It’s a 
complete description of one particular ex- 
periment. These papers are published in magazines called journals. Almost everything that has 
ever been discovered in science can be found in journals. They give the products—the con- 


clusions—of science. The products of science are not airplanes, pills, and computers. Informa- 
tion is the product of science. 





Published scientific information nowadays almost doubles every ten years. It would take 
one man 460 years just to read one year’s output of scientific journals. But every page of 
this published information came from some scientist doing an experiment in a laboratory, 
somewhere. 


Briefly explain the two statements below. 
2. Science is an activity. 


3. Science yields an organized body of information. 


CONCEPT SUMMARY. (Tell what 


you have learned about how conclusions in science are 
made.) 
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Data Sheet 


A. KEEP ‘EM ROLLIN’ 


Problem 








Prediction 








Equipment 


Procedure 





Results—See next page for table and graph 


Conclusion 














B. THE TWO FACES OF SCIENCE 


























CONCEPT SUMMARY: 
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TABLE no. | 
TIME NEEDED BY DIFFERENT BALLS TO ROLL DOWN A RAISED RUNWAY (in timer clicks) 


Balls Number of Clicks on Timer 


(by number or Trials 


description) - Average 











GRAPH NO. 1 
AVERAGE TIME NEEDED BY DIFFERENT BALLS TO ROLL DOWN A RAISED RUNWAY 


(In Timer Clicks) 
Type of Ball 0 5 10 15 20 
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PHYSICAL SCIENCE Idea 1 Predicting 





Investigation 1] 





Science Is Where the Action Is! 


Scientific discoveries have already changed your environment and your life greatly. The 
most striking change may be in man himself. Before long we may be able to control the 
body’s functions, including those of the brain. No matter how you look at it, you are—and 
you will be—living in an age of science. 


You’ve discovered a lot about the way scien- 
tists work as you’ve gone through Idea 1. 


a. Accurate observations are necessary to 
recognize problems. 


b. Events in nature occur in a predictable 
way. 


c. Predictions point the way to possible 
solutions to problems. 


d. Experiments provide information that 
will support or reject predictions. 


e. All experiments must have a control. 


f. There should be standards of measurement. 





g. Experimental results should be expressed in numbers to be meaningful. 


h. Tables simplify the recording of data. 


i. Graphs simplify the interpreting of data. 


j. Conclusions must be based on the evidence collected. 
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A. A BOY SCOUT WOULD KNOW HOW 


Situations in everyday life are often like 
those in science. A good cook does not use 
a recipe. He experiments to find the right 
flavor. A scientist is no different. He knows 
that some of the ground rules for solving 
scientific problems are: 


a. State the Problem: What do I want to 
know? 


b. Make a Prediction: What do I think the 
answer will be? 


c. Perform an Experiment: How do I tell what the answer will be? 
d. Organize the Data: What happened when I tested my prediction? 
e. Draw a Conclusion: What do the results of the experiment mean? 


The same method is used in making daily decisions. You can even use it at parties. Have 
you ever played the following game? 


A piece of string is tied to both wrists of one person. Another piece of string is tied to one 
wrist of a second person, passed behind the loop of string tied to the first person, and then 
tied to the second wrist of the second person. The problem is to free the two persons 
without untying or breaking the string. Go ahead and try it. 


What process of science is represented by each of the five little pictures? Fill in the correct 
words on lines 1 through 5 on the data sheet. 


1. How do we 
get loose? 


2. | think this 
might work 


3. Let’s try it 


sd 
happened? i 


= 


_ 2 





B. YOU CAN’T HEAR THE BEAT? 


Science does not end when a problem is successfully solved. New problems arise. Solved 
problems lead to further problems. Science is a continual testing of our natural 
world. Let’s use the scientific way of thinking to discuss a current problem. 


Parents keep telling their kids to turn down that record player, TV, or radio. The music 
lovers answer (if they can hear the complaint) that you don’t feel the music if it isn’t loud 
enough. This may be the beginning of an argument. 


It is also the beginning of a problem. Is the loud sound of a great rock combo just 
annoying to some people, or is it a real danger? Should you turn down the volume or keep 
rattling the windows? 


What are the facts? 
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Familiar sounds vary in intensity 





First listen to one speaker. Then add a second speaker at the same volume. Your ear does not 
hear them twice as loud, just a little louder. To make a unit that would fit the way your ear 


hears, scientists developed a unit called the decibel. The diagram above shows how many 
decibels are recorded for sounds you often hear. 


6. What does the table say about sound at 95 decibels? 
7. If mice can be killed by noise, what effect might it have on people? 


Workers in noisy industries gradually lose hearing until they can’t hear ordinary whispers. 
When a scientist tested the players in the Marine band, he found half of them had damaged 
hearing. Doctors say that anything over 95 decibels can cause permanent hearing loss. 


8. What do you think the solution of the problem is? Give your reasons. 


So we see that the ground rules of science can also be used in your daily life. All too often 
people make snap judgments, draw conclusions without any valid test or comparison, and just 
get mad without any good reason. Science can help all human relationships, not just noise in 


the home. Science ‘means thinking objectively about the facts. Problems can be solved when 
our actions are based on facts, instead of on hate, greed, or fear. 


9. What happens when excited people force themselves to sit down and look at the facts? 


CONCEPT SUMMARY. (Tell how science can be related to everyday problems.) 
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A. A BOY SCOUT WOULD KNOW HOW 














o 





B. YOU CAN’T HEAR THE BEAT? 


CONCEPT SUMMARY: 


You have completed a series of 11 investigations. They all have one idea in common. State 


’ this idea in your IDEA summary. 
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IDEA 1 SUMMARY 


| Investigation 


Number Concept 











You have completed a series of investigations. They all have one idea in common. Read the 
concepts listed above. Now state the idea that combines them all. 


IDEA SUMMARY: 














‘ | 
: prentice-hall 








THIS BOOK IS THE PROPERTY OF: 


STATE Book No. 


COUNTY Enter information 
PARISH in spaces 


SCHOOL DISTRICT to the left as 
OTHER instructed 


CONDITION 
ISSUED TO ISSUED RETURNED 





PUPILS to whom this textbook is issued must not write on any page or mark any 
part of it in any way, consumable textbooks excepted. 


1. Teachers should see that the pupil’s name is clearly written in ink in the spaces 
above in every book issued. 


2. The following terms should be used in recording the condition of the book: NEW, 
GOOD, FAIR, POOR, BAD. 


Ideas and Investigations in Science 
PHYSICAL SCIENCE Idea 2: MATTER 
Malvin S. Dolmatz and Harry K. Wong 


© 1971 by Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey 

All rights reserved. 

No part of this book may be reproduced 
in any form or by any means without 
permission in writing from the publisher. 


Printed in the United States of America. 
ISBN 0-13-449678-7 456789 0 





Prentice-Hall International, Inc., London 
Prentice-Hall of Australia, Pty. Ltd., Sydney 
Prentice-Hall of Canada, Ltd., Toronto 
Prentice-Hall of India Private Ltd., New Delhi 
Prentice-Hall of Japan, Inc., Tokyo 







Cover illustration adapted from photo, courtesy U.S. Coast Guard. 


LIBRARY 
UNIVERSITY OF ALBERTA 


NASA 


PHYSICAL SCIENCE 


Idea 2 


Matter 








Investigation ] 





That's About the Size of It 


Is the moon made of green cheese? Are an ocean liner and a robin the same substance? 





Landscape on the Moon 


If you ask almost anyone what everything is made of, he may say atoms. We are going to 
assume that you have heard about atoms at one time or another in your life. Atoms are men- 
tioned constantly in newspapers, magazines, and on television. Everybody has heard of an 


atomic bomb and atomic energy. Yet no one has ever seen an atom! 
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So, what is everything made of? Maybe each 
object is made of different things. Or maybe 
all things have something in common. In 
fact, when you speak of “everything,” just 
what are you talking about? 


A. ELEPHANTS AND CHOW MEIN 


You will be given a collection of different 
objects. You are to describe them. You 
learned a word in Idea 1: properties. When 
you describe the properties of an object, 
you tell what it is like in many different 
ways. Do not look’ at the shapes of the 
objects. Look for properties of the sub- 
stances of which the objects are made. Look 
for things like hardness, softness, or bounci- 
ness. 


1. List each object and its properties. 


ne 


Tom King from Black Star 
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2. Read over 


the properties you just 
listed. Can you tell what very general prop- 


erties the objects all have in com- 


mon? There are only two. 


3. Would an elephant have the same two 
properties? 


4. How about a light bulb? 


5. Would the same two properties apply to 
a piece of paper, bacteria, a hub cap, water, 
air, a calendar, a football, cheesecake, a 
blackboard, and a pound of chicken chow 
mein? 


6. As a matter of fact, does just about 
everything in the world have these same two 
properties? 
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7. Name one or two things (there aren’t 
many) that do not have these two properties. 


8. Except for the few things you may have 
thought of in number 7, everything in the 
world has these two basic properties. What 
name do scientists give to everything having 
these two properties? 


B. IT’S TOO LATE TO DIET NOW 


You just predicted that all matter has 
weight. Let’s test it. 








9. Weigh the collection of objects you de- 
scribed. List the objects and their 
weights. Do not forget to indicate the unit 
of weight. 


10. What other property is needed to show 
that these are made of matter? 


C. ARCHIMEDES IS PROUD OF YOU 


You also predicted that all matter takes up 
space. If it takes up space, it has volume. 


But how do you know it has volume? Ar- 
chimedes was an ancient Greek wise man 
who hit on the answer one day as he was 
taking his bath. 


If you trip over a cat you know it takes up 
space. What if you want to know how 







Brassai from Rapho-Guillumette Pictures 
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much? Cats don’t always cooperate, so try something simple, like a brick or a cube. If the 
object has a regular rectangular shape you can measure its length, width, and height. Cal- 
culate the volume by multiplying them together. That takes care of the easy problems; now 
what about a piece of rock or a fishing sinker? 


11. If you take an object like a rock and gently drop it into a container filled with water, 
what will happen to the level of the water? Why? 


Water, like most liquids, is measured in a graduated cylinder. If you want to know the 
exact volume of an object, using the previous method, then you will need a graduated 
cylinder. 


12. Examine a graduated cylinder. What volume does each space on your graduated 
cylinder represent? 


Add some water to your graduate. Place it ona flat surface. Bend down until your eye is level 
with the water. You will notice that it curves up slightly. Make the reading at the lowest point 
of the curve. Lower an object into the water with a thread until it is completely below the 
water. Then read the volume again. (If the object floats, push it below the water with a wire 
before reading the volume again.) 








13. What is the volume of the object? 


14. How did you find it? 





15. Find the volumes of all the objects you have weighed. List the objects and their volumes. 
Do not forget to indicate the unit of volume. 


16. All of these objects have volume. What are they made of? | 


CONCEPT SUMMARY. (State what you have discovered concerning just about everything in 
the world.) 
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A. ELEPHANTS AND CHOW MEIN 
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Properties 
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B. IT’S TOO LATE TO DIET NOW 











9. Object Weight Object Weight Object Weight 
10. eee 
C. ARCHIMEDES IS PROUD OF YOU 
My =e eS Why? ———_—_$_$_$_$_$ a? rrr 
eee ee —™ 
eee) Ce eer 
14000 eee 

tote ODjECL Volume Object Volume Object Volume 
16. 
CONCEPT SUMMARY: } 


ce a a ee 


eer ne eee ean 


(Always record the concept summary in the IDEA Summary.) 
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Investigation 2 





Just How Much Is in that Bag? 


In the last investigation you learned that almost everything in the world weighs something and 
has volume. If it has the properties of volume and weight, then we say it is some kind of 
matter. Matter can be anything from Mt. Everest to a koala bear to a soap bubble. 









Australian News and Information Bureau 


Copyright: The Mount Eve 


However, even when you can see matter and feel its weight, matter 
can fool you. It’s like the ad: “It may look just like tomato juice, 
but it sure doesn’t taste like tomato juice.” You have to be alert in 
this world. 


A. LET’S START OUT DRY 


1. If someone gave you a quart of water and a quart of oil, would 
you say that both were the same size? Why? 





2: Would both quarts have the same weight? Explain your answer. 


You will be given a set of blocks. They look about the same, but to be sure you will measure 


each block and find its volume. 
3. What is the shape of the blocks? (Mention some common object it is like.) 
4. To determine volume, you will have to measure and multiply three things. What are they? 


5. If your measurements are in centimeters, what is the unit of volume? Hint: length is a dine, 


area is a square, volume isa _? _ 
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Ys Ruler with metricscale 





na ~ 
Block being measured 





Find the volume of each block and record it in the second column of Table 1. Weigh each 


block and record its weight in column 3. 


6. What can you say about the volumes of the different blocks? 


7. What can you say about the weights of the different blocks? 


8. What can you say about the amount of matter packed into the different blocks when 


you compare one block with another? 








Courtesy of Bohack—Packer’s Supermarkets, Brooklyn, N. ¥ 


9. You have discovered something about the 
relationship between weight and volume for 
different substances. What is it? 


There is a property that tells us how much 
matter is in a volume of substance. What is 
this property called? 


If you know that, per pound, rice is 29¢ and 
sirloin steak is $2.00, you know about what 
you can have for dinner. And if a scientist 
knows that ether is 0.7 grams per cubic centi- 
meter, and mercury is 13.6 g per cc, he knows 
an important difference about them. Ff 


In both cases people want to know how much 
of something there is per J unit of something 
else. Rice is 29¢ per J pound of weight; mer- 
cury is 13.6 g per I cc of volume. This is its 
density. Both the prices and the densities of 
things are ways of comparing how much you 
get (or how much you give) of something for 
1 unit of the substance. The comparison is 
also called the ratio of one thing to another. 
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Crown Rubber Co. 


To compare the weight of an object to its volume, you simply divide the weight by the 
volume: 


DENSITY 
VOLUME ) WEIGHT 


10. What is the unit of density? Since it considers both weight and volume, both units will be 
in the answer. It will tell the weight in grams (g) of one cubic centimeter (cc) of a substance. If 
weight is in grams and volume is in cubic centimeters, we will call this unit “grams per 


99 


A 
Determine the density of each block and record it in column 4 of the table. 


11. Which block is the densest? 


12. Can you tell the density of a substance just by looking at it? Explain. 


ENLARGEMENT ' 





Foam Rubber Gold Bricks 


B. LET’S TRY IT WET 


‘You remember from a previous investigation that metric units are related. For instance, one 
gram of water fills a tiny cube that holds one milliliter and measures one cubic centimeter in 
volume. Or, | g= 1 ml= 1 cc. Does this hold true for other liquids besides water? 


To determine the density of a liquid, you will follow the same logic as you did for the solid 
blocks: find out the liquid’s volume and weight, and divide the weight (g) by the volume 


(Ce); 


To weigh a liquid, start with the weight of its container. Weigh an empty graduate. Record its 
weight in the second column of Table 2. 
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Federal Reserve Bank of New York 


You will be given a set of liquids. Very accurately, measure out 50 ml of the first liquid. Don’t 
forget to set the graduate on a flat surface; bend over until your eye is level with the top of the 
liquid; and read the lowest point of the curve. 


Weigh the liquid and the graduated cylinder 
—> together and record the result in column 3 of 
Table Zz, 


Pour the liquid back into the original con- 
<q Level at 50 mi tainer. Rinse and dry the graduated cylinder. 


Repeat the procedure for all the liquids in 
your set. 


Determine the weight of each liquid and 
record it in column 4 of Table 2. Record the 
volume (50 cc) in the fifth column of the 
table. Calculate the density of each liquid and 
record it in column 6 of the table. Do it this 
way: 


__DENSITY _ 
VOLUME ) WEIGHT 





13. All the liquids have the same volume but not the same weight. Which liquid is the densest? 


14. What reason can you give for one liquid being denser than another? 


C. IN CONCLUSION 


15. Let’s suppose you didn’t know what a substance was. If you know its density, would this 
help identify the substance? Explain. 


16. Therefore, why was it important for scientists to develop accurate methods of measure- 
ment to study matter? 


CONCEPT SUMMARY. (Tell what you have learned about the property that measures how 
tightly matter is packed.) 
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A. LET’S START OUT DRY 


reretee tee ee Why? 





eee eters ee eee a Explain: 


























TABLE no. 1 
RATIO OF WEIGHT TO VOLUME OF DIFFERENT SUBSTANCES 











Block a Volume (cc) Weight (g) 














(g/cc) 


























10. 








ioe 
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B. LETS TRY 1IWEtL 


TABLE NO. 2 
DENSITIES OF DIFFERENT LIQUIDS 


Liquid No Weight of Graduate (g)| Weight of Graduate Weight of Volume (cc) Density 
: (same in each case) Plus Liquid (g) Liquid (g) (g/cc) 











C. IN CONCLUSION 


Teen a ee See as Lat 


16. 





CONCEPT SUMMARY: 





Se — 


(Always record the concept summary in the IDEA Summary.) 
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Investigation 3 





Time for a Thaw 


Solids and liquids have weight, volume, and density. They also have color, texture, hard- 
ness, viscosity, and solubility, to name a few more properties. These properties may be used 


to tell different kinds of matter apart. 


There is a complication. Do the properties of solids always apply to liquids and vice versa? 
Is hardness the same for a solid and a liquid? Do a solid and a liquid of the same volume have 


the same weight? 


A. ANY WAY YOU SLICE IT, IT’S STILL WATER 


We have been assuming that you can tell a solid from a liquid. Perhaps we should stop for 


a moment to ask: 


1. What is the difference between a solid and a liquid? 
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Official U.S. Coast Guard Photograph 





Fred Lyon from Rapho-Guillumette 





Matter also exists in another form: gas. 


2. What is the difference between a gas and 
a liquid? 


3. Thus, what are the three forms or states 
of matter? 


There is a big difference between a solid and 
a liquid. Their properties are different and 
the methods of measuring them are dif- 
ferent. This leads to an important question: 
Does changing the form of a substance 
change its quantity? 


To put it simply, will the water weigh as much 
after the ice melts? 


4. What do you predict? 
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(a) Weigh aclean, dry, empty, stoppered test tube. (b) Fill test tube about two-thirds full 
Record weight in Table 1 of ice. Stopper, dry it, and weigh 
it again. Record weight in Table 1 


ee 


(c) Place stoppered test tube 
in hot water until ice has all 
melted 


(d) Dry the outside of the test tube and 
weigh it again. Record weight in 
Table 1 





Empty the test tube, dry it, and repeat the entire procedure again for Trial 2. Complete Table 1 


by finding the weight of the ice, the weight of the water, and any difference between them, for 
both trials. 


5. What was the change in weight between the ice and the water that your team found? 


Record the weight-change found by your team on the class data table on the board and in 
Table 2. Record the other teams’ results in Table 2. 


6. What was the average weight-change found by the entire class? 
7. Did the amount of matter in the test tube change? Explain. 


8 There are three states of matter. When you change from a solid to a liquid, what happens 
to the amount of matter? 


CONCEPT SUMMARY. (Tell what you learned about the amount of matter—the weight— 
when it changes from one form to another.) 
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A. ANY WAY YOU SLICE IT, IT’S STILL WATER 
































TABLE NO. 1 
WEIGHT DIFFERENCE BETWEEN ICE AND WATER 





Difference 


Between Ice 
With Water of Water and Water 


Test Tube Test Tube Test Tube Weight of Ice Weight 


+ 


With Ice 











Trial 1 








Trial 2 
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TABLE NO. 2 
COMPARATIVE CLASS RESULTS: WEIGHT DIFFERENCE BETWEEN ICE AND WATER 





Team 
Number 








Weight- 
. Change 





Found 


















































CONCEPT SUMMARY: 











(Always record the concept summary in the IDEA Summary.) 
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Investigation 4 





A Rose by Any Other Name... 


It may not smell like roses, but sulfur is a handy substance to use. It will help us 
investigate more deeply the question of whether a change of form causes a change in the 
amount of matter present. 


Why are we so interested in this question? 
Until it is settled, we, as scientists, cannot be 
sure Our measurements are useful; we don’t 
know what matter might do next. 


Another point is that we have only tested 
one substance. We can defend our own ideas 
about matter better with more data. Natur- 
ally we can’t test everything, but if we test 
more than one substance we can be more 
confident that our predictions will apply to 
the rest of matter. Now let’s look at sulfur. 


Camera Hawaii, Honolulu 





A. SULFUR BALLOON 


Volcanic Lava Is Rich in Sulfur 


Weigh a balloon and an empty test tube 
together. Record the weight in Table 1. 


Fill the test tube about one-sixth full of sulfur. 


Fit the balloon over the tube and weigh it 
again. Write the weight in Table 1. 


Gently heat the sulfur until it melts. 


Examine the walls of the test tube near its 
mouth. 


1. Describe what you see on the inside of 
the test tube. 
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2. What form did the sulfur take to make this happen? 
Weigh everything again. Record the weight in Table 1. 
After the sulfur has cooled and hardened, weigh it once more. Write the weight in Table 1. 


Determine the weight of the original sulfur, the melted sulfur, and the cooled sul- 
fur. Record all of the data in Table 1. 


3. What change in weight does Table | show from powdered to melted sulfur, from powdered 
to hardened sulfur, and from melted to hardened sulfur? 


Have one member of each team write on the board the largest weight-change that his team 
found. Record this data in Table 2. 


B. WHAT’S LEFT? 
4. What was the average weight-change found by the entire class? 
5. Did the amount of matter in the test tube change? Explain. 


6. How does this compare with what happened when you weighed the ice frozen and then 
melted? 


There was evidence in the test tube that some of the sulfur formed a gas. 

7. You started with powdered sulfur. If gas was formed, where did it come from and how? 
8. What can you say about the quantity of matter as it changes form? 

9. Do you think these results would apply to other kinds of matter? Explain. 


CONCEPT SUMMARY.(Tell what you found about the amount of matter when it changes 
from one of the three forms to another.) 
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Data Sheet 


A. SULFUR BALLOON 


TABLE NO. 1 


WEIGHT OF A CERTAIN QUANTITY OF SULFUR 


Powdered Form Melted Form Hardened Form 
+ Sulfur + Sulfur Sulfur + Sulfur Sulfur 
















Test Tube 
+ Balloon 


Test Tube 
+ Balloon 


Test Tube Weight 
+ Balloon of 


Test Tube 
+ Balloon 



























TABLE NO. 2 


COMPARATIVE CLASS RESULTS: WEIGHT-CHANGE BETWEEN 
POWDERED, MELTED, AND HARDENED SULFUR 










Team 
Number 
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B. WHAT'S LEFT? 





Explain. 





CONCEPT SUMMARY: 
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PHYSICAL SCIENCE Idea 2 Matter 





Investigation 5 





Somehow It's Not the Same 


By the time scientists had collected data on many substances, they were convinced that 
matter didn’t suddenly appear or disappear when it changed from one form to 
another. This gave them confidence that their measurements were useful. 


But scientists don’t just work with different forms of the same thing. In most of their work 


they change substances either by breaking them apart or by making new combinations. These 
are chemical changes that raise a new question. Want to guess what? 


A. STIR UP A STRANGE BREW 


Union Carbide 


The question is: Does the amount of matter 
change when the substances themselves 
change? For instance, if you mix two chem- 
icals to form a new chemical, do you still have 
the same amount of matter? 


1. What is your prediction? 


You will be given an Erlenmeyer flask and a 
test tube. 


(a) Put about 10 ml of Liquid 1 in 
the flask 





Liquid Nitrogen Evaporates Directly 
Into the Air as an Invisible Gas 


(b) Using a funnel, fill the test tube about 
two-thirds full with Liquid 2. After 
filling, clean and dry the outside 
of the test tube 
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(e) Tip the flask upside down so that 
the two liquids mix 


(d) Weigh the flask and its contents. 
Record the weight in the first 
column of Table 1 





no spilling or splashing, 

ery carefully lower the 

test tube into 
the flask 


(c) With 











<) 
Now, tightly place <4 
the stopper in the. 
flask 





2. What change do you observe? 


Weigh the flask and its contents again. Record the weight, after mixing, in column 2 of Table 1. 


Find the change in weight and record it in column 3. Have one member of your group record 
the change in weight in the data table on the board. Record the class data in Table 2. 


3. What did Liquid 1 look like before mixing? 
4. What did Liquid 2 look like before mixing? 


5. What happened when the two colorless solutions were mixed—what changes in properties 
seem to have taken place? Explain. 


6. Does the kind of matter in the flask appear to have changed? Explain. 
B. AND YOU GET? 

7. How do the results of the different groups compare? 

8. Does the amount in the flask appear to have changed? 

9. Did the results support your prediction? Explain. 


10. Looking at the results of the last few investigations, what general statement can you make 
about the amount of mafter present in a closed situation? 


CONCEPT SUMMARY. 
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Physical Science Idea 2 
Matter 
Investigation 5 


Name 













Data Sheet 


A. STIR UP A STRANGE BREW 








TABLE NO. 1 


WEIGHT-CHANGE WHEN SODIUM CARBONATE 
AND PHENOLPHTHALEIN REACT 





Weight Weight Change 
Before Mixing After Mixing in Weight 














TABLE NO. 2 


COMPARATIVE CLASS DATA: WEIGHT-CHANGE 
IN SODIUM CARBONATE/PHENOLPHTHALEIN REACTION 


Team 
11 12 


Weight- 
Change 































3; 

4. 

oF. Explain. 
es er ae Explain. 
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CONCEPT SUMMARY: 
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PHYSICAL SCIENCE Idea 2 Matter 





Investigation 6 





One and One Don’t Make Two 


Let’s see where we are. We know a few things about matter now. To review them: 


a. Almost everything is made up of matter. All matter has weight and volume. 
b. Density is the ratio of the weight of a sample of matter to its volume. 

c. The amount of matter remains the same when it changes from solid to liquid. 
d. The amount of matter remains the same regardless of what form it takes. 


e. The amount of matter remains the same during a chemical change. 


. 


This information allows us to proceed with confidence. If a lump of rock weighs 57 g on 
Monday, it will weigh 57 g on Tuesday. But what is in the rock? How is matter put 
together? And just what is matter made of? 


People have been wondering about this ever since man could take time to sit down and think. 
Men began to form opinions about matter, and with opinions came arguments. The one we are 
interested in started about 2,500 years ago. One side thought matter was continuous. This 
means that it can be divided into smaller and smaller pieces without ever stopping. 


Ancient Greek Philosophers Discussed Atoms 
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The other side couldn’t see it that way at all. 
They felt there was a limit as to how small a 
piece of matter could be. There must be a 
tiniest particle of matter. 


Suppose you could do an expensive experi- 
ment. Start by cutting a piece of gold in 
half. Throw one-half away. Cut what is left 
in half. Throw one of those halves 
away. How long can you keep this up? 





Use your imagination. Pretend you have super 
eyes and can see the tiniest pieces. Is there a 
limit where you can’t divide the gold any 
more? The particle side said “‘Yes’’; the con- 
tinuous side said ‘‘No.”’ 


A. A SALTY TALE 





Putting a liquid and a solid together may tell 
you something. 





— 



















(b) Add water to fill each to the 
90 ml mark. Stopper both 
graduates 


(a) Fill two graduated cylinders 
with rock salt to the 70 mi 
mark. Label the second 


graduate with your name 
—_—> —-> 


Shake the first graduate for 
a full minute 
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1. How high is the water level now? 


Let the second graduate stand overnight without shaking. 
2. What do you predict the water level will do: rise, fall, or stay the same? 
3. Observe the water level in the graduate the next day. What is it? 


4. Which idea does this data support, continuous matter or particles? 
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B. SCIENCE FOR BREAKFAST? 
We have worked with liquids and solids so far. Now let’s use solids only. 


Fill a beaker about half full of water. Mark the level of the water with a marking pencil or with 
a piece of tape. 


Empty the water into a larger container. 


Fill the beaker again with water to the level of the mark. Empty the water into the larger con- 
tainer. You now have twice as much water in the larger container. 


Mark the level. Empty the beaker and the larger container. Thoroughly dry both containers. 
Fill the beaker to the marked level with popcorn. Pour the popcorn into the larger container. 
Repeat this procedure with puffed rice or puffed wheat. 


5. Is the jar filled to the mark? 


(a) (b) (c) 
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Put your hand over the mouth of the jar. Give the jar a few hard shakes. 
6. Now how close to the mark are the contents of the jar? 


7. What did the pieces of popcorn and cereal do that made the total volume change? 





8. What do you think happened with the salt and water? 


Both parts of this investigation seem to show the same thing about matter. 
9. Is this data easier to explain with continuous matter or the particle idea? 


CONCEPT SUMMARY. 
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Physical Science Idea 2 
Matter 
Investigation 6 


Name 












Data Sheet 


A. A SALTY TALE 


























B. SCIENCE FOR BREAKFAST? 























CONCEPT SUMMARY: 
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PHYSICAL SCIENCE Idea 2 Matter 





Investigation 7 





It's a Gas 


Now you know something new about matter. Different substances fit together as though 
they were made of particles. In other words, matter appears to be made of tiny parts, not 
of a solid, continuous mass. It’s made of individual pieces, like cereal in a box. There are 
spaces between the pieces, or particles. 


You might ask yourself again: 
What are particles of matter like? 
What’s in the spaces? 


Many experiments were performed which sup- 
ported the idea of matter being composed of 
tiny particles. But ideas change slowly. Not 
everyone was convinced. Few people accepted 
the particle idea when it was first thought of, 
a couple of thousand years ago. 


Brown Brothe 





The scientists working on the problem of 


what matter was made of needed more in- John Dalton (1766-1844) 
formation. Pioneered the Atomic Theory 


All the data so far has been about mixing one kind of matter with another. When the two are 
mixed, no real change in the kinds of matter takes place. This is known as a physical change. 
Investigations 3 and 4 show physical changes. For instance, if you mix sand and water, or sugar 
and water, you do not get anything new. You just get sandy water or sugary water. If you dry 
up the water you can get back the sand or sugar. The same holds true if you mix two cereals 
together. If you have the patience, you can sort out the two cereals again. 


But what would happen if particles of different substances were to stick together, or combine 
to form a new substance? You would get a chemical change, like the red solution in Investiga- 
tion 5. 


How do the particles of one substance combine with the particles of another substance? Is 
there any order in how many particles of one kind will combine with the others? 
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(a) 


Measure the length of the 
magnesium ribbon 








Record the length in Table 7—~_ 


A. THE ACID TEST 


1. Particles either combine in some order or 
they do not. What do you predict? 


Test your prediction. You will be working 
with magnesium and hydrochloric acid. The 
acid won’t make instant holes in your hands, 
but wash them when you are finished, 
because it could make your skin itch or tingle. 
It could also damage your clothes and hurt 
your eyes. Better not put it in your mouth. 


BE CAREFUL WITH ACID. 








(d) 


Drop magnesium 
into cylinder 


(e) Place the beaker on top of the graduated 
cylinder and quickly turn them upside down 


(c) 


Fill to brim 
with dilute 
hydrochloric 
acid 





(b) 


Roll ribbon into 
small coil 
























Sweaereteasaset 





2. Describe what happens. 


Calculate the total volume of gas collected in the graduated cylinder and record it in Table 1. 


Have someone in your team record in the class data table on the board the length of the 
ribbon and the total volume of gas collected. Record this same data in Table 2. 


Make a graph of the class data on Graph 1. Go up the graph and find the point that shows 
the milliliters of gas that were collected. On a line to the right of this point find another 
point that tells how many centimeters of ribbon were used. Mark the one point that stands 
for both these amounts. Do this for each team. Connect all the points with a smooth line. 
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3. What general shape does the graph seem to have? 


If your graph shows some definite shape, instead of a jumble of points, it means that there is a 
relationship between the two values plotted. What is this relationship? 


Refer to the class data you wrote in Table 2. In each column, divide the total volume of gas 
produced by the length of the ribbon. Put the results in the bottom row. 


4. What do the ratios in the bottom row of Table 2 have in common? 


5. How do you think the particles of one substance combine with the particles of another 
substance? 


“B. WHO CARES? 


Should you worry about how things combine? The instructions on a cake mix say, “Add 
two eggs and one cup of water.” 


6. What would the cake be like if you added 1 egg and 3 cups of water? 


7. To mix concrete for a sidewalk, the proportions run 5 sacks of sand and gravel to | sack of 
cement. What kind of a sidewalk would you expect if 12 sacks of sand and gravel went with 
each sack of cement? 
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Making cake and concrete are both chemical reactions. So is baking meat loaf, developing 
Polaroid pictures, and burning gasoline inside a car’s engine. 


8. How well does a car run if the air-to-gas mixture is not set right in the carburetor? What 
kind of mileage will you get? 


9. What would happen if particles did not combine in a regular way? 
C. MEANWHILE, BACK IN THE TEST TUBE 


You have collected data on combining materials. You know something about the amount 
of one that goes with a certain amount of the other. 


10. How did your prediction in question | (about how particles combine) work out? 


CONCEPT SUMMARY. 
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Physical Science Idea 2 Name 
Matter 
Investigation 7 





Data Sheet 


A. THE ACID TEST 


























oe 

TABLE NO. 1 

LENGTH OF RIBBON COMPARED TO 

AMOUNT OF GAS COLLECTED 

Length of Volume of Gas 
Magnesium Ribbon Collected 
(cm) (ml) 

TABLE NO. 2 


COMPARATIVE CLASS DATA: RATIO OF GAS COLLECTED TO LENGTH OF RIBBON 


Team 
Number 


Length of 
Magnesium 
Ribbon 





Collected 

















of Gas 
to Ribbon 
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GRAPH NO. 1 


COMPARATIVE CLASS DATA: 
RATIO OF GAS COLLECTED TO LENGTH OF RIBBON 
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B. WHO CARES? 


0. a ee 


8. 





<p 





C. MEANWHILE, BACK IN THE TEST TUBE 


10. 





CONCEPT SUMMARY: 
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PHYSICAL SCIENCE Idea 2 Matter 





Investigation 8 





Let's Break Something 


Old ideas die hard. Just look at the many ideas people have today that are based upon 


superstition and prejudice. 


For a long time people believed that matter 
was continuous. It took a large body of 
data to wear them down. 


People also were not sure that different kinds 
of matter combined in regular ways. Showing 
that one acid and one metal combined in con- 
stant proportions was not enough. There were 
thousands of substances that reacted with 
each other. They all had to be tested to see if 
the idea of constant proportions was valid. 
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San Sines, 
08, 
Nb 


ty 





But whenever careful measurements were 
made, constant proportions were 
found. With so much data, scientists could 
agree that matter unites in constant pro- 
portions. (To illustrate what is meant by 
constant proportions, if one class eats up 
two sacks of popcorn, then two classes will 
eat up four sacks and so on.) 


We discovered this important concept in our 
last investigation. How does the idea of con- 
stant proportions tell us that matter is made 
of particles? 











A. BREAK IT UP 

1. Suppose matter is not made of tiny particles. How can two substances combine? 

2. Suppose matter is made of tiny particles. How can two substances combine? 

3. Think of a substance that is made up of two different kinds of PEALE that have combined 
in a certain ratio. It might be 3 to 1, or 4 to 1, or any other ratio. Make a prediction about the 


amounts of the two different kinds of material that will be collected when that substance is 
broken apart again. 





You will be given a set of batteries. Instructions on how to connect these batteries to your 
electrodes will be given in class. Do not make the connection until you have read what 
follows. 


Fill a beaker half full of a solution of sodium carbonate (washing soda) in water. (It is the 
water that will break apart. The sodium carbonate just speeds up the process.) 


Put two electrodes into the beaker on opposite sides, so that their tips are an inch or so 
below the water surface. 


Fill a test tube to the brim with the same solution of sodium carbonate. Put a little piece of 
paper towel over the top—just enough to cover it and stick. Turn the test tube upside down | 
and dip it into the solution in the beaker. Remove the bit of paper towel. Place the upside- 
down test tube over an electrode without letting any air get in. Attach the test tube to the 
side‘of the beaker. Do the same thing with the other test tube over the other electrode. 


Now connect the electrodes to a two-battery hookup and watch the fun! 
4. What happens? | 
Reconnect on a one-battery hookup. 
5. What happens? 


Connect the number of cells assigned to your 
team. Let the reaction run for at least 10 min- 
utes. Record in Table 1 the time you start and 
stop the reaction. 


EE EE - 


Measure and record the amount of gas in each 
test tube. The tube having the larger volume 
of gas is over the negative electrode. 


If time permits, run a second trial. 
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Have someone from your team record the data in the class data table on the board. Record 


the class data from the board in Table 2. 


B. MEANWHILE, BACK AT THE TUBES 


What about the gases collected in the tubes? Work with another team for this part. 


Light a splint and while it is burning, carefully remove the negative test tube from the 
beaker. Keep the tube pointed down. Hold the flame near the mouth of the test 
tube. Slowly tip the test tube sideways while holding the flame at the mouth. 


6. What happened? 


7. Have the team of students at another 
table blow out the flame and insert the 
glowing splint into the negative tube. What 
happened? 


8. Was there a difference between using a 
glowing splint and a flaming splint? Explain. 


9. This time apply the burning splint to the 
positive tube. What happened? 


10. Have the team at another table insert 
the glowing splint into the positive 
tube. What happened? 


11. Are the gases in the positive and nega- 
tive tubes the same? Explain. 


12. What gas do you think is in the negative 
tube? Why? 


13. What gas do you think is in the positive 
tube? Why? 


C. WHO NEEDS GAS? 


You have found that gases are formed when 
electricity passes through water. We may 
not spend much time worrying about what 
water is made of, but we do spend time 
worrying about such things as fixing the 
car. Does gas from electricity come in 
here? If you work around car batteries you 
soon get the word. Watch out for sparks 
around batteries on the charger. 
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Wide World Photos 





Hydrogen-filled Zeppelin ‘‘Hindenburg’’; 
Lakehurst, N.J., May 6, 1937 











14. Why would a spark be a problem near a 
battery with current passing through it? 


When the frame of your car needs welding, 
the torch used burns two gases. One of 
them is acetylene. 





15. What is the other gas? 


16. How do you think the other gas is pro- 
duced? 


You don’t have to be an astronaut to get 
special air to breathe. All you have to be is 
sick. 


Educational Affairs Dept. Ford Motor Co. 


17. What gas is used in hospitals for pneumonia and heart attack cases? 
18. How do you think this gas is produced? 
D. HOW’S YOUR PREDICTION? 


19. How does the amount of gas collected at the negative electrode compare with the amount 
at the positive electrode? 


20. What was the ratio of gases? 

21. What ratio of gases did the other teams collect? 

22. What relationship is there between the running time and the amount of gas collected? 
23. Does the number of batteries used change the ratio of gases collected? Why? 

24. When the matter, water, was broken apart, what pattern was there to the results? 

25. Does your data support or reject your prediction in question 3? Explain. 


CONCEPT SUMMARY. 
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Physical Science Idea 2 Name 
Matter 


: ° Date Cl 
Investigation 8 : Hie 


Data Sheet 


A. BREAK IT UP 











TABLE NO. 1 
VOLUMES OF TWO GASES RESULTING FROM ELECTROLYSIS OF WATER 


Time Started Time Endin Total Volume of Gas: Volume of Gas: Ratio of 
g Running Time Positive Electrode | Negative Electrode Gas Volumes 
1st 
Trial 
2nd 
Trial 


B. MEANWHILE, BACK AT THE TUBES 






































6. fe 

8. Explain. 

, aL. 
PL Explain. 
ge Why? 
13. Why? 








C. WHO NEEDS GAS? 


14. 
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TABLE NO. 2 
COMPARATIVE CLASS DATA: VOLUMES OF GASES AT POSITIVE AND NEGATIVE ELECTRODES 


Number Volumes of Gas ‘ 
Team |e nue ing Timo |-—__—_- Volumes of Gass heaieprageaanatt 
Number a irene eee aaa ime Positive Electrode | Negative Electrode Volumes 


Bee Sa Ne act ee ee sacri: 
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D. HOW’S YOUR PREDICTION? 
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PHYSICAL SCIENCE Idea 2 Matter 





Investigation 9 





Don't Go to Pieces 


We have collected quite a bit of information about matter. Whether it’s soap suds, clouds, 
pebbles, wood—you name it—what we can say about one kind of matter we can say about all 
kinds of matter. 


a. All matter has weight and volume. 
b. Density is the ratio of weight to volume. 


c. The amount of matter remains the same 
when it changes from solid to liquid. 


d. The amount of matter remains the same 
regardless of what form it takes. 


e. The amount of matter remains the same 
during a chemical change. 


f. Different kinds of matter fit together as 
though they were made of particles. 


g. Some substances combine with each other 
in constant proportions. 


h. Matter breaks down in constant propor- 
tions. 


Texturama, Phil Brodatz 


Where do we go from here? 


© 





N 
g 
3 
° 
= 
ao 
“Ty 
€ 
o 
£ 
5 
oS 
% 
o 


© Texturama, Phil Brodatz 





67 








Red powder 





The last three concepts may fit a common pattern. Maybe matter is made of particles and 
these particles join up or break apart in constant proportions. 


When you break matter apart, do the parts have anything in common? How can you tell 
what the different parts are? 


A. TAKE A POWDER 
DO NOT PUT ANY OF THIS MATERIAL NEAR YOUR MOUTH. 


Fill a test tube one-half centimeter deep with red powder. Heat the test tube over a hot 
flame. 


1. Describe the material collecting on the walls of the tube. 


2. What do you think this material is? 


3. While heating the tube over the flame, place a glowing splint in the tube. Describe what 
happened to the glowing splint. 


4. You have seen this happen before. What 
substance do you think is given off when 
the red powder is heated? 


5. Do you think the red powder is made of 
one kind of matter or more than one? Explain. 


B. A REAL FIZZY PARTY 


Fill a test tube one-quarter full of the dilute 
acid solution. Add a small amount of the 
yellow powder. 





Glowing splint 





6. Describe the reaction. 


7. While the mixture is still reacting (if it stops add some more powder), put a glowing 
splint into the mouth of the test tube. What happened? 


8. Do you think this is the same gas as in part A? Why? 
9. Is there any material left in the tube? How do you know? 


10. Do you think the two substances put into the test tube are made of only one kind of 
matter, or more than one? Explain. 
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C. THE SAME GLOWING THING 


We broke apart different substances in this investigation. We broke apart another substance 
in the last investigation. In all three cases, a gas was produced. 


11. Was it the same gas each time? How do you know? 
12. Which of these statements is true? 
a. The same substance can be found in different kinds of matter. 
b. One kind of matter can be composed of several different substances. 
What we did in this investigation was to break down one kind of matter into its basic 
substances. There are about 100 of these. Everything in the world is made of combinations 


of these basic substances. 


13. What do scientists call these basic substances? 


14. What do we call the tiniest particles of these basic substances? 








Scientists keep on being curious. Is there more to the story? 


15. Now make a prediction. Are the particles you named in “14” really the tiniest, or are there 
still other tinier particles? 


CONCEPT SUMMARY. 
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Physical Science Idea 2 Rane 
Matter 
Investigation 9 





Data Sheet 


A. TAKE A POWDER 


lip 




















ee eee es en De es Explain. 











B. A REAL FIZZY PARTY 





























6. 
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10. Explain. 














C. THE SAME GLOWING THING 


11% 








12. 
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PHYSICAL SCIENCE Idea 2 Matter 





Investigation 10 





What Goes on in There? 


We are now at the point at which scientists studying matter made one of their most im- 
portant breakthroughs. They had collected enough data to decide that matter was made of 
tiny, invisible particles, the atoms. 


There are about 100 kinds of matter, the elements. Each element is composed of large num- 
bers of its own kind of atom. Each element’s atoms are different from the other 99 or so kinds 
of atoms. You already know many of the elements. The element iron is the metal that tools, 
machines, cars, and a million other things are made of. The element aluminum is used for mak- 
ing wrapping foil and pots and pans. Copper is the shiny red metal in wire and pennies. 
Oxygen, the important gas you breathe for life, is an element. Carbon is the element in coal— 
and diamonds. 





You can probably name about a dozen or so 
more without half trying. All metals are ele- 
ments. Phosphorus, sulfur, iodine, silicon are 
all elements. The 100 or so different kinds of 
atoms of the elements represent the building 
bricks of matter. It takes two different kinds 
of atoms to make water. It takes three kinds 
of atoms to make sugar. It takes about 20 
kinds of atoms to make you! 








So now we come down to the question: What 
is there about different atoms that makes the 
differences among the elements? Why are the 
atoms of one element different from those of 
another? Maybe atoms are not the end of the 
line. How could information be gathered to 
solve the problem of what an atom is like? 
Help came from an unexpected direction. 
Scientists working in electricity came up with 
information that provided clues to this prob- 
lem. 
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A. AYE, THERE’S THE RUB 


Use tape to hang one piece of white plastic 
about ten inches down from the edge of the 
table, evenly balanced. Rub it and the other 
white piece with the wool cloth several times 
in the same direction. Slowly bring the end of 
the piece that is not hanging toward an end of 
the hanging piece. 


1. What happens? 


There are two kinds of electric charge: posi- 
tive and negative. When you rubbed the pieces 
of plastic you gave each one a charge. 





2. Did each get the same kind of charge, or different charges? 
Now do the same thing using the two pieces of clear plastic and the cotton cloth. 


3. What happens when you bring the end of the clear plastic you are holding near an end of the 
hanging clear plastic? 


4. Would you say the two pieces of clear plastic each got the same kind of charge, or different 
charges? 


Now take one piece of clear plastic and one piece of white plastic. Hang one of them. 


5. If the white plastic and the clear plastic each have a positive charge, what happens when 
they are brought together? 


6. If they each have a negative charge, what should they do together? 


7. If one has a negative charge and the other a positive charge, what do you predict they will 
do together? 


8. Try it and see. What happens? 


9. Do you think the white plastic and the clear plastic have the same charge, or opposite 
charges? 


10. What do objects having the same charge do? 
11. What do objects having unlike charges do? 
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Electroscope 


12. Would charged objects show the same 
pushing apart and pulling together if they 
were much smaller than the pieces of plastic 
you used? 


13. If they were the size of specks of dust? 


14. What do you think the smallest thing is 
that can hold a charge? 


B. HOW DO YOU CHARGE? 





You have just demonstrated electrical charge. 
You know that when objects have the same 
charge they push away from each other. This last piece of information can be used in a device 
for showing the presence of charge. It is called an electroscope. 


Electroscopes come in many models but they have one thing in common. They are delicate. 
Wait for instructions before you start working with yours. 


15. Rub the test tube with the silk. Bring the test tube close to the knob or plate on the elec- 
troscope. What happens? 


16. Try touching the test tube against the plate or knob. Find a way to make the electroscope 
stay charged. After the electroscope is charged, let it stand for about 5 minutes. Does it dis 
charge? 


17. Charge the electroscope again. Hold a match flame near its knob or plate. What happens? 


18. Charge the electroscope once more. This time use a plastic strip. Hold the flame near the 
electroscope again. What happens? 


Scientists believe that in a flame atoms are 
rubbing and bumping each other like mad, 
and forming new combinations. They may __ 
even be knocking pieces out of each other. | © _ Geiger counter 


19. If a flame discharges an electroscope, 
what may be happening between the flame 
and the electroscope? 


_ Radioactive sample 


C. TOO FAST TO COUNT 
Set out the Geiger counter, and turn it on. 


20. The equipment may be detecting some- 
thing. What do you observe? 


Set the detector on the table and put a radio- 
active sample right next to it. Make sure it’s 
turned on. 
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21. What do you observe this time? 


22. Move either the detector or the sample so that they are no longer right next to each other. 
What do you observe now? 


Place the detector and the sample right up against each other. Place various spots on the 
detector next to the sample, and find the spot that seems to be the hottest. 


23. Where is the hottest spot? 


Put the hot spot of the detector right next to the sample and observe. Then move it away a 
couple of inches. 


24. What happens? 


25. Move it back close again. What happens? 
Keep moving the detector and the sample to get ideas of what may be happening. 


26. As you move the sample closer to the hot 
spot, what do you observe? 


27. Will a paint spray can put more drops of 
paint into a one inch circle at one foot or 
after you move back to two feet? 


28. With the spray can as a clue, how would 
you explain the fact that you get a greater 
measure of radiation when the hot spot is 
close to the sample? 


D. CLOUDS IN YOUR CHAMBER 


Now that you’ve heard particles shooting out 
of atoms, how about taking a look at them? 


Scientists use a round plastic box called a 
cloud chamber to look at atomic particles. 
To prepare the chamber, the spongy band 
around the inside at the top is moistened with 
very pure ethyl alcohol. The band must be 
well soaked, but not so wet that alcohol drips 
down the side. A small amount of radioactive 
material has been put on the end of a wire. 
This wire is plugged into the box, and the box 
itself set on top of a piece of Dry Ice. Then 
the chamber is allowed to get cold for a few 
minutes. 
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The room will be darkened and a flashlight aimed through the cloud chamber, about parallel. 
to the table, but pointing down slightly. Watch for a while. 


29. What did you see? 

The radioactive source will be removed for a moment. 

30. When this was done, what did you notice? 

The radioactive source will be put back in place. 

31. With the source in place again, what happened? 

32. What seems to be causing the tracks you saw in the cloud chamber? 
33. What do you think they were the tracks of? 


34. In what way is a Geiger counter like a cloud chamber? 


E. WHAT’S LEFT AFTER THE FLASH? 


When scientists analyzed radiating materials they were puzzled. The elements were not the 
same after they radiated. Their atoms seemed to have shot out particles smaller than the atoms 
themselves, and in so doing turned into different atoms. The new atoms were not radioactive. 


Scientists are always more secure when they can measure something. They measured how long 
the elements that radiated would last before they became something else. Table 1 shows data 
for one radioactive substance. 


TABLE NO. 1 
REMAINING RADIOACTIVE MATERIAL AT SELECTED TIME INTERVALS 


- Days Gone By 
(from Start) 











Weight in Grams 


Use the data in Table 1 to make Graph 1. Mark seven points, each showing the correct weight 
in grams of material that is still radioactive for the given number of days. Connect the seven 
points with a smooth curve. 


35. Describe the shape of the graph. 
36. How can the graph be used to tell how much radioactive material will be left at any time? 
37. What does the curve predict about how long the radioactivity will last? 
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University of Texas 





Cobalt-60 Treatment for Cancer 


When an atomic bomb is tested above ground, radioactive material is thrown into the atmos- 
phere. Some of the particles are so tiny they may float in the air for years. This material has 
been detected all over the world. A graph may be drawn like Graph No. | to illustrate it. The 
times across the bottom would be in years, not days. 


38. If you were a Public Health scientist, how would you use Graph No. | to tell when one- 
half the amount of radioactive material remained? 


39. What else about radioactivity should you know besides how to read the graph? 


40. Mention some effects of radioactivity that are not bad. 


CONCEPT SUMMARY. 





Joint Task Force One 


76 Idea 2: What Goes on in There?/Investigation 10 © 1971 by Prentice-Hall, Inc. 
All rights reserved. 


Physical Science Idea 2 Name 
Matter 
Investigation 10 








Data Sheet 
A. AYE, THERE’S THE RUB 


yy 

















10. 


Nae 





Ne EE) es 


B. HOW DO YOU CHARGE? 


Ook, 


ee ee eee dT. 


18. 


LD. 


C. TOO FAST TO COUNT 


20. 





© 1971 by Prentice-Hall, Inc. D43 
All rights reserved. 














D. CLOUDS IN YOUR CHAMBER 


29. 














re} OF 





Suis 








a2. 
eee EE 
33) 








34. 
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(See Graph No. 1 on next page) 
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GRAPH NO. 1 
REMAINING RADIOACTIVE MATERIAL 
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PHYSICAL SCIENCE Idea 2 Matter 





Investigation 1] 





Make Your Own Pieces 


This is the situation. We have data that show that atoms contain smaller particles. We know 
that some of these particles have electrical charges. Some are positive, others negative. 


This information comes to us from experiments with electroscopes, Geiger counters, and other 
methods of detecting and measuring radiation. 


But we don’t know how these bits and pieces fit together to make an atom. You just can’t 
pick up an atom and look inside. The methods of inspecting the insides of an atom will 
have to be different. 


Radioactive elements found in nature gave the scientists a clue. They could identify 
particles that came flying out of atoms. 


A. SCIENCE IS MARBLES? 


Suppose a truck has crashed clear through a building. If you could only see the truck and 
not the building, then inspecting the truck might tell you quite a lot about the building. 


SPALOINS 
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1. If the front of the truck had detergent, 
oranges, milk cartons, breakfast food, lamb 
chops, and cake mix on it, what was the 
building? 


This was the logic of the scientists. They 
would learn what was in the atom by what 
they could knock out of it. 


; 
Novosti from Sovfoto 





oP : a 
“e : ek se 





World’s Biggest Accelerator: 76 GeV Synchrotron; At first they Gen the fast-moving particles 
Serpukhov, USSR from naturally radioactive substances. Later 


they built powerful machines that revealed 
other particles. 


Marbles 


What we want now is an idea of how this 
system works. We can get that by using ob- 
jects large enough to see. 


Set three sticks around the end of a table to 
act as barriers. 


Take twenty marbles. You should have ten 
of each color. Mix them up. Place them in 
a round loop of string just big enough to 
hold them. Draw a chalk mark around 
them, and remove the string. 





Set a plastic ruler at an angle with one end on some books. Aim the ruler at the 
marbles. Keep the ruler at the same angle all the time. 


2. Why keep the ruler at the same angle all the time? 


Use an odd-colored marble as your missile. Let it roll down the ruler and hit the cluster of 
marbles. Count the number of marbles of each color that come out. Record these as Trial 
1 of Combination 1| in Table 1. 
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Put all the marbles back in the loop, and bombard them again. And then again. Record 
data for 15 trials under Combination 1. Now change the marbles in the loop. Put in 5 light 
and 15 dark marbles. Be sure they are mixed up. Bombard them 15 times and record the 
data under Combination 2. 


Change the marbles one more time. This time use 15 light and 5 dark marbles. Make 15 
trials and record the data under Combination 3. 


B. WHAT CAME OUT OF WHAT WAS IN? 

Find the average for each combination. Put the results in Table 2. 

The ratios of light to dark you started with were: 

dale ts! 

Del Loss 

Ce LOnd 

3. How do the ratios of colors knocked out compare with the ratios you started with? 


4. Do you think a scientist is justified in believing there is a connection between the particles 
he knocks out of atoms and what is inside of them? Defend your answer. 


C. SO IT’S LIKE THIS 


When scientists analyzed the results of bombarding atoms with parts of other atoms, they were 
able to construct a picture of the atom. The important points were: 


a. Three kinds of particles make up an atom—protons, neutrons, and electrons. 
b. The proton has a positive charge. 

c. The neutron has no charge. 

d. The electron has a negative charge. 


e. The proton and neutron have about the same weight. 


f. The electron is much lighter than the other two. It takes over 1,800 electrons to weigh as 
much as a proton. 


g. Most of the matter in the atom is concentrated in a tiny core, the nucleus. 
h. The protons and neutrons are in the nucleus; the electrons are outside. 
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5. If the nucleus is only protons and neutrons, what is its electrical charge? 


Cosmic rays are particles reaching us from outer space. They seem to be nuclei of ordinary 
atoms like hydrogen and helium. 


6. What does this suggest about matter in the rest of the universe? 


CONCEPT SUMMARY. 


Spiral Nebula Field lon Photomicrograph of Tungsten Crystal 





Mount Wilson and Palomar Observatories 


Dr. Eugene S. Machlin 
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A. SCIENCE IS MARBLES? 


li. 








N 





- TABLE NO. 1 


NUMBERS OF LIGHT AND DARK MARBLES 
KNOCKED OUT OF CERTAIN COMBINATIONS ON VARIOUS TRIALS 
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B. WHAT CAME OUT OF WHAT WAS IN? 


TABLE NO. 2 
AVERAGE NUMBERS OF LIGHT AND DARK MARBLES 
KNOCKED OUT OF CERTAIN COMBINATIONS 


Combination 1 Combination 2 Combination 3 
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CONCEPT SUMMARY: 











You have completed a series of 11 investigations. They all have one idea in common. State 
this idea in your IDEA Summary. 
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IDEA 2 SUMMARY 





Investigation 


Number Concept 





oe a eee ne 


You have completed a series of investigations. They all have one idea in common. Read the 
concepts listed above. Now state the idea that combines them all. 


IDEA SUMMARY: 
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Idea 3 
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| Could Watch It by the Hour 


Things are not always what they seem. The solid-looking matter that everything is made of, 
including ourselves, is really trillions of tiny particles held together by electrical attrac- 
tions. These particles are atoms, which are made of still smaller particles: electrons, pro- 
tons, and neutrons. These particles are the same whether they are in your backyard, or 
Tibet, or the moon. 


Looking inside atoms: field ion photomicrograph 
of a tungsten crystal 


Buddhist monks in Lhasa, Tibet 


ae © 


Dr. Eugene S. Machlin 


T.S. Satyan from Black Star 


NASA 











ice 


SR acs beat . 


Kosti Ruohomaa from Black Star 





Laurence Fink 





Kosti Ruohomaa from Black Star 





The job of the scientist is to find patterns 
and order in the universe. We know what 
the universe is made of, but there is more to 
it than that. Understanding matter is only 
part of the story. 


Everything around us is moving. The air 
rushing by as wind, cars zipping up and 
down the street, the moon wandering across 
the sky—wherever we look there is 
action. So now we come down to the im- 
portant question: what causes the action? 


We have a clue. A ball lying on the ground doesn’t get up and fly through the air by 
itself. A bicycle doesn’t suddenly go whizzing down the street unaided. Things don’t start 
82 moving about without help. Something else has to get into the act. 
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A. PUT SOME MUSCLE IN IT 


1. What happens to things to make them 
move? 


2. Slide a weight along the table. What did 
you do to make it move? 


3. What is a general word to cover either a 
push or a pull? 


4. Pick up a weight from the floor. What 
did you apply to the weight? 


5. If you lift weights for half an hour, what 
do you think you have done? 


A scientist defines work as a force acting 
Over a distance. 


6. Is pushing a stalled car work? Explain. 


7. Is pushing against the side of a building 
work if the building doesn’t move? Explain. 


B. WORK IS STORED IN BOXES? 


We have agreed on what we mean by work, 
but there is more to it. What happens to 
work when it’s not working? Where was the 
work before you lifted the weight? 


8. To put it another way: can the ability to 
do work be stored? 
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©Mobil Oil Corp. 
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(c) 


—_ yh Short stick 
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(b) 










Wax washer Tape holding stick 


Rubber band 


<4——-_ Long stick 





Pass a rubber band through a spool and wax washer. Slip a short piece of matchstick through 
the spool end of the rubber band. Tape it down so that it can’t move. 


Measure off another piece of matchstick three times the diameter of the spool. Slip it through 
the end of the rubber band that is sticking out of the wax washer. Now twist it around in a 
circle to wind up the rubber band. 


9. Is winding it up work? Explain. 
10. Wind up the rubber band about 30 turns. Set the spool down on the table. What happens? 


11. How is work being done? 
12. Where is this force coming from? 


You did work to wind up the rubber band. The rubber band did work when it made the 
spool move along the table. 


13. First the rubber band was wound up, and a little later the spool started to move. 
What happened to the work between those two actions? 
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C. WORK UP A SWEAT 

When you finish a job, is that the end of your work? For instance, while you are pulling a 
saw through a log a lot of work is done, moving the saw back and forth. The question is, 
what happens to the work? 


14. What is your prediction? 


15. Take a paper clip. Hold one of the rounded ends to your lips a moment. Now quickly 
straighten out that rounded end. Hold that place to your lips again. What do you notice? 


16. Have you done work? Explain. 
17. How does a saw blade feel just after it has been used? 
18. If you touch a nail just after pounding it, how does it feel? 


19. What does work seem to turn into sooner or later? 
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We have come a long way in this investigation. We have discovered that force is a push or a 
pull. (You can feel the push or pull even with magnets that are not touching.) And we 
now know what is meant by work. 





CONCEPT SUMMARY. (A push or a pull is called a force. Tell what work is considered to 
be.) 












Henry Monroe from dpi 
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16. Explain. 
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CONCEPT SUMMARY: 








(Always record the concept summary in the IDEA Summary.) 


D50 





PHYSICAL SCIENCE Idea 3 Energy 





Investigation 2 





It's Always Work 


It is the work done on the ball that sends it down the alley. The ball passes work along when 
it sends the pins flying. It takes work to spin the wheels of a car, bulldoze out a highway, or 
turn the hands of your wristwatch. In all of these examples, something is moved. 
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Caterpillar Tractor Co. 





LaCrosse Tribune Photo 





But is motion the only result of work? You 
are reading this page by using light. The 
light may come from the sun, a light bulb, 
or a fluorescent tube. Light also comes from 
gas flames, fireworks, and the picture tube 
of your TV set. 
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A. SEE THE LIGHT 


1. What do most of the things that give 
light also produce? 


2. What did you discover in Investigation | 
about heat and work? 


Here we have what the scientist looks for: a 
pattern in nature. There seems to be a re- 
lationship among the three things we’ve been 
discussing. 


3. What is your prediction about this re- 
lationship? 


As has been happening all along, observa- 
tions have led to questions. The questions 
have produced a prediction and the next 
step is to test it. 


Let’s start with what we see with: light. In 
fact, we can’t see without it. 








A radiometer is a set of silver and black metal fins balanced on a pin. Place one in sunlight 
or near a very bright light. 


4. What happens? 
5. What happens when you cut off the light? 


88 6. How does this data show that light and work are related? 





B. FEEL THE HEAT 


In the last investigation you bent a paper clip quickly and got heat. It was a case of 
movement giving heat. What about the other way around: will heat give movement? 


7. Pack paper towels soaked in hot water all around the radiometer. Leave a little hole to 
see through. What happens? 


8. Remove the hot towels. What happens? 


9. How does this data show that heat and 
work are related? 


10. If a car is left out in bright sunlight, it 
becomes hot. A heated piece of metal, such 
as a light bulb filament, will give off a 
light. What do these clues tell you? . 


C. TAKE CHARGE 


So work, light, and heat are all related to 
each other. However, don’t imagine we’re 
through. There’s another step. Light and heat 
come from some place. 


11. What do we use in our homes to pro- 
duce light and some heat? 
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Now let’s test to see if electricity has any 
connection with work. 


12. Carefully wrap 20 feet of thin copper 
wire around your 6 inch long spike. Sand- 
paper the enamel coating off of the ends of 
the wire. Hold this coil above a pile of small 
bits of metal, such as paper clips. What 


happens? 


13. Connect the ends of the coil to the 
terminals of a battery pack and hold the nail 
above the bits of iron again. What happens 


this time? 


14. Has work been done? Explain. 


15. What happens to a light bulb when it is turned on—apart from the fact that it gives 
light? 


16. What does the data of this investigation show about electricity, heat, and light? 


17. How did your prediction in question 3 turn out? 


CONCEPT SUMMARY. 
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Sam Falk from Monkmeyer 
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Investigation 3 





There Must Be an Easier Way 


Let’s look over what we know about work. Whether a champion pool player is sinking the 
eight-ball or a jackhammer is cutting through rock, work is being done. We know this because 
in each case force is acting over a distance. 


Work takes many forms. The lights go on 
when you flip the switch. Every now and 
then a click and a humming sound tell you 
the refrigerator is working. The toaster gets 
busy every morning. What about riding a 
bicycle? Now muscles, not electricity, are 
supplying the force. This brings up a prob- 
lem. 


When you have to carry a heavy weight up a 
ramp, or unscrew the lid on a jar of jam, the 
awful truth comes out: sometimes muscles 
are not enough. Muscles need help. 
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Frank Salmo from Black Star 








Burndy Library, Inc. 





Moving an obelisk in Rome in 1586. Over 900 men and 40 horses were used to work the blocks and tackles 


A. HAUL AWAY, MEN 
1. What general name is used for devices that can lift things too heavy to lift by hand? 


2. It is sometimes said that machines make men’s work easier. Is there any difference between 
doing easier work and doing less work? Explain. 


We will investigate a simple machine for lifting things. Pulleys have been used at least since the 
time of Archimedes, our friend from ancient Greece (Idea 2, Investigation 1). 


Tie one end of a string to a support hanging over your desk. Pass the other end through a 
pulley. Attach this end to the hook on your spring balance. Attach a weight to the hook on the 
pulley. From now on we will call this weight the “load.” Raise the pulley and the load by 
pulling up slowly on the top end of the spring balance. 


3. How much force does it take to raise the pulley with the load attached? 


Part of the force you just used was lifting the pulley. The rest of it was lifting the load. 


Remove the load and slowly raise just the pulley by pulling up on the top end of the spring 
balance. 
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4. How much force does it take to raise just the pulley? 


5. With the load attached to the pulley, what part of the force was lifting just the load? Hint: 
Check again your answers to questions 3 and 4. 


Remove the load and the balance from the pulley. Attach the load to the balance. Slowly 
pull up on the top of the balance. 


6. How much force is needed to raise the load when not using the pulley? 


You now have measurements of the forces: the force needed to raise the load when helped by 
the pulley, and the force needed to raise it without the pulley. 


7. Compare these two forces by dividing the lifting force without the pulley by the lifting 
force with the pulley (round off your answer to the nearest whole number). What do you get? 


Now we will investigate distances. Again attach the load and spring balance to the pulley. 
Measure how far up the load moves when you lift your hand 20 cm. 


8. How far does the load move? 


(b) 


Lift balance 20 cm 


Spring balance 


5 a Wy Measure this distance 


Weight ie 
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We now have two distances: the distance the force (your hand) moves, and the distance the 
load moves. 


9. Compare these two distances by dividing the distance your hand moves by the distance the 
load moves (round off your answer to the nearest whole number). What do you get? 


10. Is the force comparison of question 7 larger than, smaller than, or the same as the distance 
comparison of question 9? 


B. SEESAW, MARGERY DAW 


Pulleys are useful, but they are not the machine we use most often. Jack up the car to 
change a tire, pry the lid from a paint can, or pull out a nail with a claw hammer, and a 
different machine is in use. Archimedes used to say: ‘‘Give me a place to stand, and I will 
move the earth.” 





11. Where might he have stood? 


12. What else would Archimedes have needed to move the earth if an Apollo mission could have 
taken him there? 


94 Idea 3: There Must Be an Easier Way/I nvestigation 3 © 1971 by Prentice-Hall, Inc. 


| 
. 
j 
All rights reserved. : 


Paper-clip hook 


Balance your meter stick on a paper-clip hook 
attached to the table. __ 


Hang a paper-clip hook at 10 cm and another 
at 90 cm, and get the meter stick in balance MURIPUL SORDEICERIENEEIEROOTOIT HONNU0N | 
again. i 


Hang the load you used with the pulley on 

the left-hand hook. Hang the spring balance Load 
upright on the right-hand hook. Pull the 

hook at the bottom of the spring balance 

to balance the meter stick. 





Spring balance 





13. What is the reading on the spring balance? 


14. Weigh your spring balance on the spring balance of some nearby students. The weight 
of the spring balance pulls down on the meter stick in addition to the pull you give with your 
fingers. Therefore, add the balance’s weight to your answer to question 13 to find the total 
force balancing the load. 


15. How does this compare with the actual weight of the load? 
16. Now move the load in so that it is only 20 cm from the balance point. Keep the spring 
balance still at 90 cm. Take the reading on the spring balance and add the weight of the balance. 


Record. 


17. Does your answer to the question above amount to just about one-half, one-third, or 
one-fourth of the actual weight of the load? 


18. Compare the distances of the two objects from the balance point. What is the ratio of 
their distances? 


19. What do you predict would be the force needed if the spring balance were three times as 
far from the balance point as the load? 


All right, so let’s find out. Go ahead and do it. Don’t forget to add the weight of the spring 
balance which helps your muscle force to make the total force supporting the load. 


20. What was your total reading? 
21. About what fraction is this of the weight of the load? 


22. If the load stays at the same distance and you keep moving the spring balance farther 
away, does the force needed become more or less? 


23. If the spring balance stays in the same place and the load keeps moving farther out, will 
the force needed become more or less? 
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24. What is the simple machine you have just been investigating called? 
25. What does it do for you? 


26. In other words, a lever lets you save force, but you must apply the force over a greater 
? 





A crowbar is a good example of a lever. It lets you pry up heavy rocks by using your muscle 
force at the far end with a support near the rock to act as a balance point. 


27. Name some other tools and machines that use levers. 
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ls This on the Level? 


Now we know what we mean by work. We can even find ways of controlling how much 
force we have to use to do work. But we are not finished. Levers, pulleys, and their 
relatives the wheels and gears, are not the only machines that have been around a long time. 


There is one machine which may have been used to build the pyramids. Let’s see how it works. 


A. IT’S ALL IN THE ANGLES 


1. Weigh the little car together with any 
weight your teacher has you attach to it. 
What is the total weight? 


Put your board the way it is shown in the 
picture. Put it so the distance from A to B is 
40 cm and the height from F to B is 20 cm. 


Attach the spring balance to the car and pull 
the car up the board with a slow, steady pull. 


2. How much force do you have to pull with? 


3. Compare the car’s weight and the pulling 
force by dividing the weight by the pulling 
force. 


4. Compare the distances AB and BF by 
dividing AB by BF. 


5. Are your answers to questions 3 and 4 
about the same, or is your answer to ‘3” 
much larger or much smaller than to ‘‘4’’? 


Change the way the board is leaning so that 
distance AB is 60 cm, and the height, BF, 
stays the same. 


97 


The Bettmann Archive, Inc. 








98 





Idea 3: Is This on the Level?/Investigation 4 





6. Is the board more steep or less steep than 
it was before? 


7. Make a guess: To pull the car up, will you 
have to pull with a larger force or a smaller 
force than you did before? 


8. Make a prediction: How much pulling 
force do you think your spring balance will 
read when you pull the car up with the board 
in the new position? 


9. Attach the balance and pull the car up with 
a slow, steady pull. How much pulling force 
does your balance say? 


10. To get an idea about how good your 
prediction was, look at your answers to “8” 
and “9.” Subtract the smaller answer from 
the larger. What do you get when you 
subtract? 


11. Explain why it is easier to pull the car up 
the board than it is to lift it straight up. 


12. The picture shows two bugs walking up a 
flagpole rope. Is bug A walking up an inclined 
plane? 


13. Is bug B walking up an inclined plane? 


14. Have you ever seen any inclined planes 
besides boards? If you have, describe them. 
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B. WHO GETS TO WATCH THE 
MACHINE? 


Work is made easier by machines, but people 
still have to stay around to run the machines— 
or do they? Something is changing about the 
way that machines are run. It is happening in 
factories, oil refineries, power plants, and on 
ships. 


15. What is it that is changing? 


In Table No. | are some data on a food-pro- 
cessing plant that modernized its equip- 
ment. (Maintenance and technical workers 
are considered skilled.) 


Taystee Bread 





TABLE No. | 
DISTRIBUTION OF WORKERS IN A FOOD-PROCESSING PLANT 


Percent of Workers 
Type of Work 
Before Modernization Before Modernization After Modernization 


Direct Production 
Skilled 3.7 
Semiskilled 22.5 
Unskilled 
eerie” 
See 



















16. How did the percent of unskilled workers change? 





17. How did the percent of skilled workers change? 
18. Which group would you expect to have had the most education? 
19. Which group would you expect to have the most pay? 
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TABLE NO. 2 
DISTRIBUTION OF UNEMPLOYMENT BY EDUCATION 


Unemployment in Percent 






Years of School 
Completed 





20. In conclusion, how do simple machines affect the amount of force used to do work? 
21. How do simple machines affect the amount of work done? 


CONCEPT SUMMARY. 
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B. WHO GETS TO WATCH THE MACHINE? 


i> 


16. 
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Investigation 5 





Heat Makes Work and Work Makes Heat and— 


We know that a force acting over a distance does work. We also have some ideas about the 
forms work may take, such as heat, light, and electricity. We have learned how simple 
machines may be used to make work easier. 


The word machine may make you think of a fast-moving car, a roaring jet, or a noisy 
motorcycle. With a good imagination you can even smell the exhaust. 





General Motors 


This brings up an interesting point. Many 
machines burn fuel. Now a can of gas 
doesn’t do anything by itself. A gallon of 
diesel oil or jet fuel doesn’t do much all 
alone, either. 


A. ON THE HOT SPOT 








1. What happens to fuel in machines? 








2. How do you think we get motion from 
fuel? 
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You can start testing ideas with simple equipment. Most engines have round spaces inside 
called cylinders. They are shaped like tubes. You can use two flame-proof test tubes to see 
how they work. 


Fill both test tubes about one-third full of water. Quickly slide the smaller test tube upside 
down inside the larger one. It should just barely float. Measure the distance from the upper end 
of the smaller tube to the lip of the larger tube. Note whether the end of the smaller is above 
or below the lip of the larger. 


3. Record this distance. 


Use a test tube clamp to hold the test tube over a flame for about a minute. (You don’t 
need to boil the water.) 


4. What happens? 


Measure the distance from the end of the small test tube to the lip of the large one - 
again. Note whether the end of the small tube is above or below the lip of the large tube. 


5. Record the total distance that the small 
tube rose. 


6. If you have just recorded that the test 
tube moved, what has been done? 


7. What kind of force produced this 
motion? 


8. Explain how this was like what happens 
when gasoline burns in an automobile en- 
gine. 


B. ROUND AND ROUND 


Take a sheet of paper and cut one end off 
so that the paper is square. Locate the center 
of the square by drawing 2 diagonal lines 
from the corners. The lines cross at the cen- 
ter of the square. 


Using a compass, draw a circle 1/3 of the 
way from the center to the corners. Cut a 
slit from each corner to the circle. Use a 
stick and a pin to make a pinwheel. (Two 
ice-cream sticks taped together lengthwise 
make a good stick.) 
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Hold the pinwheel over a burner, high 
enough so that it does not catch fire. 


9. What happens? 
10. What did the heat energy from the burner 


do? 


C. FASTER AND FASTER 


Fold over the strip of cardboard 23 mm from 
the end. Repeat this folding procedure over 
the entire length of the strip, and cut off any 
small piece left on the end. 





Place the strip as shown in the picture. Swing 

end A down and around until A is next to B, 

and C is next to D. Tape A and B together. 

Run a thin strip of tape around each of the A B 
six points of the star. 


Insert through the middle a piece of drinking 
straw 3/4 of an inch long. A straightened 
paper clip put through the straw completes 
the construction of your pinwheel. 


Fill a test tube about one-third full of C D 
water. Use a few boiling chips. Put in the 
stopper with the bent glass tube through 
it. Place the test tube over a burner. When 
the water boils, direct the steam jet against 
the pinwheel. 


11. What happens? 





12. What did the steam’s heat energy do? 


13. What kind of engine works on this 
system? 


14. How does this explain the function of 
the fuel in a turbojet engine? 


Straightened paper clip 


15. What happened to make the test tube 
rise? 
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16. What happened to make the pinwheel turn? 


17. What seems to be the general method of converting heat to motion in engines? 


D. ALWAYS WE HAVE COMPLICATIONS 


Engines that convert heat to work have been very successful. Table No. 1 shows just how 
successful. 


Draw. Graph No. 1 using the data in Table No. 1. (Make it a line graph.) Continue your 
last straight-line segment as a dotted line to show predictions for future years. 


TABLE NO. 1 
TOTAL MOTOR VEHICLES IN THE UNITED STATES 


Year 1950 
Vehicles in Millions 49.3 


18. About how many vehicles does the graph 
predict for 1975? 
























POD Por 19802 


J. Eyerman from Black Star 


In 1966 there were over ten million vehicles 
in the state of California. One out of every 
fifty square miles of surface in that state is 

' paved. The number of vehicles in California 
goes up by about a half-million a year. 





Elliott Erwitt, Magnum Photos, Inc. 
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To complicate matters, the number of people 
in California also goes up every year. In 
housing developments for them, one-fourth 
of the land is covered by sidewalks and paved 
streets. 


For every gallon of gasoline burned in an 
automobile engine, about as much air as is 
in a twenty-foot-long living room will be 
used. 





20. Could you breathe this air after the car 
has used it? Explain. 


Unwanted substances are thrown off in auto- 
mobile exhaust fumes. Most dangerous are 
carbon monoxide and sulfur dioxide. A 
modern high compression engine also makes 
chemicals out of the oxygen and nitrogen in 
the air. All these chemicals combine to 
cause smog. 





Smog makes your eyes water; it burns your nose and throat. It is thought to be responsible 
for some lung cancer and for a lung disease called emphysema. When smog drifts out of the 
city it causes millions of dollars in damage to food crops. 


21. Suggest some remedies for cleaning up the atmosphere. 105 


The National Air Pollution Control Administration 
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Now let’s look at the other side of the 
coin. If one of your remedies has to do 
with limiting the number of cars, there’s a 
problem. One out of every seven jobs in the 
United States is in some way related to 
motor vehicles. 


Elliott Erwitt,© 1966 Magnum Photos 





22. What would happen to these jobs if we cut down the number of vehicles in operation? 
23. What do you expect will provide solutions to the problem of pollution? 

E. MEANWHILE, BACK UNDER THE HOOD 

24. What moves the piston in a gasoline engine? 

25. What moves the rotor blades in a turbine engine? 


CONCEPT SUMMARY. 
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D. ALWAYS WE HAVE COMPLICATIONS 


GRAPH NO. 1 
TOTAL MOTOR VEHICLES IN THE UNITED STATES (by 5-year intervals; in millions) 


Millions of Motor Vehicles 


150 
140 
130 














1950 1955 1960 1965 1970 1975 | 1980 
Years 


18. | 19. 











20. Explain. 


Ag 


PR 
PAS. 
E. MEANWHILE, BACK UNDER THE HOOD 
24. 
paays 
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Stop Fuelin’ Around 


“Fill ’er up.”’ “Get a 10-pound sack of charcoal.” ‘Pay the gas bill.” “A hamburger and a 
chocolate malt.” We hear these words every day. They don’t sound alike, but they all have 
one thing in common: they all concern fuel. 


Engines use fuel when they do work. People 
and animals consume fuel in the form of 
food. Many materials are used as fuel. Natu- 
ral gas, gasoline, oil, peat, wood, and coal 
are some of them. Milk, bananas, and T- 
bone steaks are others. 


Humble Oi! & Refining Co 
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George Porter, National Audubon Society 





Melvin from Monkmeyer 


What happens when fuel is used? How is it changed? Gasoline going into the tank doesn’t 
look like the blue-gray smoke that comes out of the exhaust pipe. But that is all we 
see. How are fuels changed as they are used? 
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A. THERE’S BEEN SOME CHANGES 
MADE 


1. Make a prediction about what happens to 
fuel when it is used to do work. 


2. Put 2 ml of alcohol in a dish. Light 
it. What do you observe? 


3. What is left when it has finished burning? 


4. List the properties of a piece of paper 
that can be found by just looking at it and 
touching it. 


Crumple a 3” x 3” piece of thin tissue paper 
and put it on top of the platform sitting in 
water in the plastic Petri dish. Light it. 


5. What do you observe? 

6. Describe the properties of what is left. 
7. Is what remains still paper? Explain. 
B. FIRE AT SEA 


We have watched several things burn. It 
took a little heat to get them started; then 
they took off. But we have not really 
pinned down the question about what is 
happening. For instance, do fuels burn by 
themselves? 


8. If we didn’t see anything else when the 
paper burned, does that mean nothing else 
was involved? Explain. 


Repeat what you did with the crumpled 
tissue paper. When the paper is burning well, 
put a clear plastic jar over the platform and 
paper. Press the jar down into the water. 
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9. What do you observe? 
10. Describe what is left. 


11. What do you think was missing this time that had been present before? 


12. From the results of questions 10 and 11, what can you say is happening when fuels are 
doing work? 


You have seen fuels doing work. You know that work is force times distance. A gallon of 
gasoline is not in itself miles and force. Yet, when the gasoline burns, something is released 
that can apply force and thus do work. 


13. What is the word used to describe this ability to do work? 
C. IN OR OUT? 


Some water has been kept at room temperature. Measure 100 ml of this water into a 
beaker. Take the temperature of the water and write it in Table No. 1. 


Measure 5 ml of Chemical No. 1 into a vial. Pour the contents of the vial into the 
beaker. Stir it with the thermometer for 1 minute. Take the temperature of the solu- 
tion. Write the temperature in Table No. 1. 


Rinse the beaker and the vial. Dry the vial carefully. Then repeat with as many chemicals 
as are set out at the front of the room. Write the data in Table No. 1 and complete the 
table. 














(a) (c) 
Thermometer Ny 
paemice! Stirred 
mixture 





100 ml water 
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14. What happened to the temperature when the chemicals were mixed with the water? 


15. What can you say about heat energy in each case? 


16. In which of the activities in this investigation was energy produced by a single 
substance alone? 


17. When is energy released from fuel? 
18. How is your prediction (question |) doing? 


CONCEPT SUMMARY. 
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A. THERE’S BEEN SOME CHANGES MADE 


ie: 


ee Explain. 


B. FIRE AT SEA 


Se ee ee eee «Explain. 
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C. IN OR OUT? 


TABLE NO. I 
TEMPERATURE CHANGE WHEN VARIOUS CHEMICALS ARE MIXED WITH WATER 





14. 








15, —————___________— EE eee 
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Investigation 7 





Go Mad with Power 


When a car is pushed down the street, force acts over a distance, and work is done. Work 
can take many forms. We spent some time learning how simple machines could make work 
easier. We found that different kinds of matter acting together produce energy. Most of 
our engines run by burning fuel with air. 


Are we really digging deep enough? The 
energy we have talked about so far comes 
from chemical reactions. Atoms form new 
combinations in chemical reactions. But 
chemical reactions are not enough to ac- 
count for all the energy that is produced in 
our universe. 


NASA 





A. A PICTURE OF HEAT? 


1. If chemical energy isn’t enough, where 
could the rest come from? 
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An Apollo blast-off 


Loading fuel elements into the reactor core of an 111 
atomic energy plant 


General Atomic Division of General Dynamics 








Radioactive specimen 








Let’s use a piece of equipment most people 
have seen around a long time: a piece of 
photographic film. 


2. What form of energy is usually used with 
film? 


Let’s test to see if the film reacts with other 
forms of energy. Use a piece of chalk to 
mark off two areas on the film wrapper. 
Tape the radioactive specimen to a spot 
on one side of the chalk line. Leave it there 
overnight or longer. 


When you remove the specimen, use the other part of the film to test with heat. Use a flame 
to heat the head of a 5-inch spike hot enough to make a brown mark on thin cardboard 
without making very much smoke. Put a piece of cardboard over the unused half of your 
film pack. Press the hot spike’s head down onto the cardboard, with the film pack underneath. 
Hold it there about 10-15 seconds, long enough to make a brown mark on the cardboard. 


112 





Idea 3: Go Mad with Power/Investigation 7 


At all times, handle that hot spike with 
care! It stays hot quite some time. 


Now develop your film pack according to 
the directions given in class. 


3. What do you see? 
4. How did heat energy affect the film? 


5. How did energy from the radioactive 
specimen affect the film? 


B. 1T CAME FROM OUTER SPACE 


Look deeper into this question of energy 
sources. 


6. Where does most of our energy come 
from? Clue: It is not from the Earth. 


Connect a solar cell to a small electric 
motor. Point the cell at the sun, and cover 
and uncover it. 
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NASA 


7. What happens? 


8. How does this show that some energy 
comes to the Earth from elsewhere? 


9. What are some things that are powered 
by solar cells? 


Astronomers tell us that the amount of 
energy coming from the sun is too great to 
be from chemical reactions, like burning 
paper or putting magnesium in acid. 





Mariner II! spacecraft A big solar prominence 






High Altitude Observatory, Boulder, Colo 





10. Which of the lab experiments you have done so far in this investigation involved 
chemical reactions as energy sources? 


11. So what major energy source is the energy in these experiments like? 
C. IT SPREADS LIKE MEASLES 


Other than chemical reactions, there are two ways in which atoms produce energy. One 
way is for several smaller atoms to come together and make one larger atom, giving off a 
lot of energy in the process. This is called fusion. It is the source of the sun’s energy. 


Almost everyone knows about the other way. One big atom can split into 2 or more 
smaller atoms, also giving off much energy. This is the way that we get nuclear energy from 
the atom. Some day our scientists may find a way to create useful fusion energy, just like 


the sun’s. 


The machine that makes nuclear energy is called a reactor. The reaction by which the 
energy is released when the atom splits is called nuclear fission. 
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Inspecting a fuel element from an atomic reactor core 





15. Many people are in favor of nuclear 
power but don’t want the power plants near 
them. Why? 


16. Do you 
them? Why? 


agree or disagree with 


CONCEPT SUMMARY. 
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In a reactor, when one atom splits, it shoots 
out two extra neutrons which hit other atoms 
of the same material. Each of these atoms 
then shoots out two extra neutrons, which 
hit still more atoms. These shoot out their 
extra neutrons, and so on, to keep the process 
going. As each atom splits, it forms two 
new atoms of entirely different substances as 
well as shooting out its two extra neutrons. 


12. What do we call this process? 


Here is an investigation to illustrate the 
process. In nuclear fission the number of 
atoms involved doubles each time. To get the 
general idea, stand three dominoes on end so 
that they form a triangle. Have their flat sides 
parallel to each other. Keep adding rows of 
dominoes as in the picture, so that the num- 
ber doubles each time. 


When you run out of dominoes, tip the one 
at the point of the triangle toward the 
others. 


13. What happens? 
14. How do your dominoes remind you of 


the atoms of fissionable material shooting 
out extra neutrons? 





© 1971 by Prentice-Hall, Inc. 
All rights reserved. 








Physical Science Idea 3 
Energy 
Investigation 7 


Name 










Date Class 


Data Sheet 


A. A PICTURE OF HEAT? 


ae ee ae ao . 
B. IT CAME FROM OUTER SPACE 











10. 


Vis 
C. IT SPREADS LIKE MEASLES 
fi 


13% 


© 1971 by Prentice-Hall, Inc. D61 
All rights reserved. 








16. en eee Whig 


CONCEPT SUMMARY: 








—D62 
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Investigation 8 





Don't Let It Rub Off on You 


There are always problems connected with our use of energy. Too many cars in crowded 
cities produce traffic jams and smog. Too many engines may some day use up all our 
natural resources. Without gasoline, our engines will stop. 














Skin damage caused by radiation 


A. KEEP IT AWAY FROM ME 


1. Where will our energy come from when 
all the coal and petroleum are gone? 


Nuclear power plants all use large amounts 
of materials that are radioactive to begin 
with. But the process of releasing nuclear 
energy causes even greater amounts of radio- 
activity. People don’t do too well when ex- 
posed to radioactivity. What can be done 
about this? 





2. Suggest some possible ways to protect 
yourself from radiation. “ 


Atomic Energy 





— 
— 
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Radioactive sample 






Geiger tube 
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Lay the meter stick on the table and put the radioactive sample next to it, at the zero end. Plug 

the Geiger tube into the nearest high voltage power supply and turn on the power. Put the | 
Geiger tube at right angles to the meter stick, with the hot spot just touching the sample. The 

point where they touch should be just at the zero mark on the meter stick. Have a watch ora 

clock with a second hand nearby. 


3. Observe what happens. Could you count the pulses per minute? Why not? 

Move the tube out to the 64 cm mark and line up the hot spot with the sample. Observe care- 
fully and learn to tell the difference between faint background noises and real pulses. Count 
the pulses occurring during | minute. 

4. How many pulses do you count per minute at 64 cm? 


5. Do exactly the same thing again. How many pulses per minute this time at 64 cm? 


In the same way, count the pulses at 32 cm and at 16 cm. Run at least 2 trials in each case, but 
do 3 or 4 trials, if you have time. Find the average in each case and record it in Table No. 1. { 


Move the Geiger tube to the 8 cm mark and observe for a minute without trying to count the 
pulses. 


6. Do you think you could count the pulses accurately at 8 cm? Why? 
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Even though you may not be able to make an accurate count at 8 cm, you can probably makea 
fairly good estimate. Learn how to count 4 or 5 pulses that come close together fast. Listen 
again for a minute at 8 cm and make the best estimate you can. Write it under “‘Average” for 
8 cm. 


Things are moving too fast at 4 cm to count, but with high speed equipment scientists have 
gotten accurate results. Would you guess that the count at 4 cm is 4 times, 5 times, or 6 times 


the count at 8 cm? 


Multiply the count at 8 cm by the number you guessed. Write the result in Table No. 1. 


You now have 5 figures for the number of pulses per minute at various distances from the 
radioactive sample. Plot these 5 figures on Graph No. 1. Connect your 5 points with straight 
lines. Extend your straight lines as dotted lines past the 2 end points. 


7. Between what 2 distances in cm does the graph “‘turn a corner’? 


8. What can you say about the change in the number of pulses per minute as you come in 
from 60 cm to 20 cm? 


9. What can you say about the change as you come in from 10 cm to zero cm? 


10. If the radiation from the sample were dangerous to you, as shown by the number of 
pulses, how far away, at least, would you want to keep the sample from you? 


11. What can you say in general about radioactivity and distance? 


12. What does this tell you about radiation safety? 


B. STOP THE INVADERS 


It’s not always possible to keep a long distance away from radiation. Workers in a nuclear plant 
have to keep a watch on the meters and a hand near the controls. Without protection they would 
be on the hot spot too long for their own good. How do they get protection? 


Take an ordinary 8 1/2” x 11” piece of cardboard, such as is used for backing in pads of 
scratch paper. Cut it into 16 rectangular pieces of the same size and shape. Stack the pieces 
neatly like a deck of cards and put a rubber band around them the long way. Slip the radio- 
active sample inside the rubber band and stand the whole setup on the table at the zero cm 
mark on your meter stick. Tape the Geiger tube to the table at the 4 cm mark. (Don’t put tape 
over the hot spot.) Plug the tube into the power source. 
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Turn the shielded sample so that the pieces of cardboard are on the other side of the sample 
from the hot spot on the Geiger tube. Observe the activity again. Now turn the shielded sample 
around so that the cardboard is exactly between it and the tube. Keep the sample at the zero 
mark. Turn the setup around 2 or 3 times between these 2 positions, as you observe. Remem- 
ber that in both positions the sample and the hot spot on the tube should be exactly 4 cm 
apart. 


13. What do you notice? 
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Make at least 2 careful counts (3 or 4 if you have time) of the number of pulses per minute 
with the sample at 4 cm and the 16 pieces of cardboard between it and the hot spot on the tube. 
Write your results in Table No. 2. Figure the average and record it. 


Take 8 sheets of cardboard out of the setup and repeat the counts with the remaining 8 pieces. 
Run 2 or more trials and record them and the average. 


Take out 4 more pieces of cardboard and observe with the remaining 4 pieces as shielding. (Be 
sure to keep the sample exactly at 4 cm from the hot spot.) Compare the activity with the 4 
pieces of shielding to that without. 


14. What do you notice? How easily could you make the count with 4 pieces of shielding? 


It may be tricky, but you should be able to get counts with the 4 pieces of shielding. Your 
trials may be a mixture of real counting and educated guessing. Do the best you can to get an 
average with 4 pieces of shielding. Record it in Table No. 2. 
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Plot your 3 averages on Graph No. 2. 


Use another 16 squares to get results with 32 pieces of cardboard. Record the result in Table 
No. 2. Also, copy your figure for 4 cm from Table No. 1 into the column for zero pieces of 
cardboard in Table No. 2. Plot these 2 points on Graph No. 2. Connect all 5 points with straight 
lines and extend the two outer straight lines as dotted lines to the edge of the graph. 


15. At about how many pieces of cardboard does your graph turn the corner? 


16. If you had to protect yourself from this radioactive sample, 4 cm away from you, what 
is the fewest number of pieces of cardboard with which you would begin to feel safe? 


17. What do you notice about Graphs Nos. 1 and 2 when you compare them? 
18. What can you say in general about radioactivity and shielding? 


19. Mention some other substances: that you think might shield better, even at very close dis- 
tances, than cardboard. 


20. What do you think each pulse from the Geiger tube stands for? 


Think about distance and shielding for a 
minute. You know that every cubic inch of air 
around us is full of billions of particles of 
oxygen and nitrogen and other things. 
Cardboard also is made up of billions of 
particles per cubic inch. 


C. DECISIONS, DECISIONS a 

21. You have found that radiation levels are os 
affected by distance. How would you use this ae 
fact if you were designing a reactor to be used ar 
out in a desert region where land was cheap? a 


Suppose you don’t have unlimited space, and 
you must use shielding. A concrete block — 
about 4inches thick, or a sheet of lead about | Be 
1/8 inch thick, are about equally good shields. 
The block costs a few cents. The lead sheet 
costs several dollars. 


Henle from Monkmeyer 


22. What would you do if you were building 
a reactor on the outskirts of a crowded city? 
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23. Suppose your reactor had to go into a submarine. What would you do? 


24. What do you conclude about radiation safety problems? 
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United States atomic submarine ‘“Thomas A. Edison” 


CONCEPT SUMMARY. 
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A. KEEP IT AWAY FROM ME 

















= Why not? 
4. . 
TABLE No. I 


GEIGER TUBE CLICKS PER MINUTE AT SELECTED DISTANCES FROM RADIOACTIVE SAMPLE 


Clicks per Minute 
8 cm 4cm 
64 cm 32 cm 16 cm (estimate) (estimate) 
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GRAPH No. | 


GEIGER TUBE CLICKS PER MINUTE COMPARED TO DISTANCE OF TUBE FROM RADIOACTIVE SAMPLE 
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B. STOP THE INVADERS 
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TABLE NO. 2 
NUMBER OF CLICKS PER MINUTE (SAMPLE AT 4 CM FROM GEIGER TUBE) 


Number of Pieces of Cardboard 


a 
Si 


14. 






















GRAPH NO. 2 (See page D66) 
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C. DECISIONS, DECISIONS 


a1. 
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GRAPH NO. 2 

NUMBER OF CLICKS PER MINUTE 

FOR DIFFERENT THICKNESSES OF CARDBOARD SHIELDING 
(SAMPLE AT 4 CM FROM GEIGER TUBE) 
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But You Can't Get Something for Nothing! 


Energy comes from the atom, but this doesn’t really finish the story. Just how is the 
energy released? Where does it come from? Does this change any of our ideas about 
matter? 


The nucleus of the atom is made of two 
kinds of particles: protons and neu- 
trons. Scientists measured the weights of 
these particles and the weights of different 
atoms. Then they began comparing the 
weights of different atoms with the weights 
of the particles inside them. They dis- 
covered something curious. 


A. THERE’S SOMETHING MISSING 


Brookhaven Nat’ 
oy 4 » 


The weights of several different atoms and the 
average weights of their nuclear particles are 
given in Table No. 1. 


Nuclear particles colliding in a cloud chamber 


TABLE NO. I 
AVERAGE WEIGHT OF NUCLEAR PARTICLES IN SELECTED ATOMS 


wear ot em | cr 


Helium 4.0026 
Carbon 12.0000 
Oxygen 15.9949 
26.9815 
55.9349 
















Number of 
Nuclear Particles 



















Aluminum 
































Iron 

Krypton 83.9115 
Tin 115.9021 
lodine 126.9044 
Holmium 164.9303 
Gold 196.9666 
Radium 226.0254 






Uranium 238.0508 
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The average weights of the nuclear particles were found by dividing the atomic weight by 
the number of nuclear particles. 


Make Graph No. 1 to get the information in the table in visual form. 


1. What seems to happen to the average weight of nuclear particles as atoms get heavier? 
Be sure to describe what the graph shows you in detail. 


Your graph can be used in the study of nuclear energy. When an atom splits, its nucleus 
takes in a neutron and then blows in half, releasing 2 more neutrons and some ener- 
gy. Each of these 2 neutrons then proceeds to blow apart another nucleus, releasing 2 more 
neutrons in each case, and so on. Two atoms of new substances are formed from each split 


atom. 


Let’s do a little arithmetic. A neutron weighs 1.0089 units. The uranium235 atom that 
catches it weighs 235.0439 units. In one possible nuclear reaction, the final products of the 
fission will be two atoms of new substances and two neutrons. One atom will weigh 138.9061 
units, and the other will weigh 94.9046 units. 


2. What is the total weight of the particles 
that came together? 


3. What is the total weight of the particles 
that resulted? 







4. What do you find when you compare 
these two weights? 


5. What explanation can you give for this 
result? 


Ernst Haas © 1964 Magnum Photos 


Albert Einstein predicted this result about 
the time when telephones were first coming 


Albert Einstein , 
into common use. 


The sun seen through a special filter 
6. How long ago do you think this was? 


B. NOW PUT IT TOGETHER 


The other reaction, the one that is going on 
all the time in the sun, is fusion. This re- 
action creates enormous energy. In fusion, 
four hydrogen atoms, each weighing 1.0078 
units, combine. They form a helium atom 
weighing 4.0026 units. 


High Altitude Observatory, Boulder, Colorado 
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7. What is the combined weight of the four hydrogen atoms? 


8. Compare the combined weight of the four hydrogen atoms with the weight of one 
helium atom, and explain what you find. 


So the remains of both fusion and fission reactions have less matter per particle than the 
original atoms. 


9. Look at Graph No. 1. Where do you find the atoms with the most matter (weight) per 
particle, at the ends or in the middle of the graph? 


10. What are some of the atoms we have mentioned that take part in fission and fusion 
reactions? 


Label the points for the atoms you named in question 10 on your graph. 
11. Do these atoms have heavier than average or lighter than average nuclear particles? Explain. 
Wouldn’t it be nice if there were some simple, do-it-yourself way to get energy from 


matter? But who knows, maybe someday there will be! Scientists have not yet finished 
discovering all the ways that nature works. 
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Richard E. Orville, State University of New York 


12. In the case of the fission reaction of uranium, did the uranium atom react all by 
itself? Explain. 


13. In the case of fusion reactions, how many atoms are required? 


14. When we looked at chemical energy, was only one substance needed for reactions to 
occur, or more than one? 


15. If matter seems to be lost in fission and fusion reactions, but energy is created, what 
can you say about matter and energy? 


CONCEPT SUMMARY. 


124 Idea 3: But You Can't Get Something for Nothing! /Investigation 9 © 1971 by Prentice-Hall, Inc. 


All rights reserved. 


i, 


Physical Science Idea 3 
Energy 
Investigation 9 


Name 










Date Class 





Data Sheet 


A. THERE’S SOMETHING MISSING 


GRAPH NO. 1 
AVERAGE WEIGHT OF NUCLEAR PARTICLES IN SELECTED ATOMS 
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B. NOW PUT IT TOGETHER 


7. 
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CONCEPT SUMMARY: 


SS co EEE EEE eee 


You have completed a series of 9 investigations. They all have one idea in common. State 
this idea in your IDEA Summary. 
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IDEA 3 SUMMARY 
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You have completed a series of investigations. They all have one idea in common. Read the 
concepts listed above. Now state the idea that combines them all. 


IDEA SUMMARY: 
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Nothing Is Forever 
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When you come back to a city after a few 
years, the skyline looks different. 


Compare this year’s car to the same make a 
few years back. You will see big changes. 


Look at a picture of yourself taken a few 
years ago. Now look in the mirror. Well? 


Man is always at it. He cuts down trees, 
paves roads, builds houses, then tears it all 
down to start over again. 





General Motors—Chevrolet Motor Division 


Is man the whole story? Or are other kinds 
of action going on? Let’s look at some data. 
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A. THAT’S NOT HOW WE PLANNED IT 


Above is a picture of a railroad track in 
southern California. The builders had not 
really planned on a submarine train, but... 


1. What is your guess about what happened? 


2. What’s wrong with the next picture? Why 


ae 


isn’t the building level? 


3. What are these pictures saying about the 
surface of the earth? 


B. THE AIR DOES IT 


We can’t blame men for earthquakes and 
heavy rains that cause floods. No one yet 
has moved several miles of rock by him- 
self. If parts of the earth move by them- 
selves, can other things act by themselves, 
too? 


Southern Pacific Co. 
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Here are weather maps for two days in a row. Air pressure is the weight of the air over a place. 
When more air collects in one place the pressure is higher. When there is less air the pressure is 
lower. The capital letters are the centers of high or low pressure areas. 


COLD FRONT 


€Z sequiajdeg ‘S4HOIS POUT ay jo dow 12400 2doudg 


WARM FRONT 


OCCLUDED FRONT 


£30 A.M, E.S.T. 
STATIONARY FRONT SEPT. 23 





4. On the first map there is a low in western Canada. Where is it the next day? 


5. The first map shows a high in the middle of the country. How many states has it crossed in 
24 hours? 


6. What can you say about the day-by-day condition of the atmosphere? 
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C. OUT OF THIS WORLD 


The earth beneath our feet doesn’t remain the 
same forever and ever. The wind is strong on 
some days and calm on others. The air we 
breathe doesn’t stay the same from day to 
day. What else is left? Right: space. We can 
check the action out there. It doesn’t even 
take a field trip. 


7. What time was sunset yesterday? 


8. What time, do you think, will sunset take 
place tonight? 


9. What is your prediction about sunset in a 
week? 


10. What shape was the moon the last time 
you saw it? 


Look at the photographs of the moon taken over a period of time. How do they compare? 


Idea 4: Nothing Is Forever/Investigation 1 


Moon 


Mt. Wilson and Palomar Observatories 





12. If the moon seems too close to home for you, we can 


move out a few million miles. Here 
are some pictures of Mars. What changes do you observe? 


13. What happens to objects out in space as time goes on? 


Lowell Observatory Photographs 
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D. EVERYTHING IS IN THE ACT 


The Earth twitches and wiggles every once in a while. Some nights the moon is full; some 
nights it is a thin sliver. The moon also complicates matters by being around during the day 
now and then. The weather can change greatly from one day to the next. There are sunspots 
some days but not others. Also, bits and pieces keep flying off the sun. 


lroad Photo 


High Altitude Observatory, Boulder, Colorado 


Union Pacific Ra 





The earth beneath our feet, the air around us, and the sky overhead are our natural 
surroundings, our environment. 


14. List some of the questions that scientists might ask about the action going on around you. 


CONCEPT SUMMARY. 
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D. EVERYTHING IS IN THE ACT 


14. 


CONCEPT SUMMARY: 


(Always record the concept summary in the IDEA Summary.) 
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It's a Breeze 


Things keep changing. We can see it in the earth. We see it in space. The sun doesn’t rise at the 
same time each day. The moon also rises and sets at different times; it even seems to change 
shape. Sometimes it hangs around during the day and gets in the sun’s way. 


Wide World Photos 











Sam Falk from Monkme 





yer Press Photo Service 





Then there is the weather. It gets wetter or 
drier, windier or calmer, hotter or 
colder. When it gets hot, you may be lucky 
enough to get down to the beach. 


But about that beach: why should one place 
be cooler than another if they are close 
together and get the same amount of sun- 
light? 







A. WET OR DRY? 


1. What is your idea? Give your explanation of why it’s hot in the city and cool at the 
beach. 


Let’s compare the sand and the sea. Half of the groups will use water; the other half will 
use sand. Each group fills a shallow pan with water or with sand. Make sure the weight of 
each is equal. In other words, the groups that use sand should make sure that their sand is 
as heavy as the water that the other groups use. 


Place the bulb end of a thermometer in the 
pan. Set a lamp 5 inches above the pan. 


Read the temperature of the thermometer 
and record it in Table No. 1. Turn on the 
lamp. Read the temperature every 5 minutes 
for 20 minutes. Write the class data on the 
board and in Table No. 1. 


2. As time passed, what happened to the 
temperature of both the sand and the water? 


3. How did sand temperatures compare with 
water temperatures? 


4. Where will air be warmed more, over 
sand or over water? 


The other half of the story should also be 
investigated: how fast do sand and water 
cool off? 


Use a burner to warm the sand or water to 
40°C. With sand, be sure it warmed evenly 
all the way through. Remove the burner. Put 
the thermometer in the pan and read it every 
5 minutes for 20 minutes. Write the class data 
on the board and in Table No. 2. 


5. How did the sand temperatures compare 
with the water temperatures? 


6. Where would air be warmer at night, over 
land or water? 
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7. Where would you expect the biggest 
temperature change, on an island or in the 
middle of a desert? 


San Francisco, California, is surrounded by 
water on three sides. Omaha, Nebraska, is sur- 
rounded by about a thousand miles of land 
on all sides. In January, San Francisco temper- [H 
atures go down to 40°F. Omaha temperatures 
go down to 10°F. 


8. Where would you need the thickest walls 
and the biggest fuel supply? 


In June the highest temperature in San Fran- 
cisco is about 60°F. In Omaha the temper- 
ature often goes over 80°F. 


9. In which city would you use an air con- 
ditioner more? 





10. If you want constant temperatures, 
where should you live: inland or near the 
sea? 


B. HIGH OR LOW? 


What else affects the temperature? Why is it 
hotter in summer and colder in winter? Why 
is it hotter at noon than early in the 
morning? 


We know one thing that changes—the 
sun. As the sun moves across the sky it 
begins very low on the horizon, then rises to 
almost directly overhead, then gets very low 
again. As it does this, something keeps 
changing about the way in which the sun’s 
rays strike an unmoving object. 





11. What is it that changes? Hint: think of 
the shadow of a flagpole at 7 A.M., then 10 
A.M., then 1 P.M. 


We can test the effect of the moving sun 
with the same equipment we used before. 
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You will use the pie pan of sand, the lamp, 
and the thermometer. Different teams will 
shine light on the sand at different angles. 
Some teams will shine from the side, some at 
an angle of 30° with the surface of the sand, 
others at 60°, and still others from directly 
overhead. Your teacher will tell you which 
direction your team should use. 


Let’s begin. Set your light at the angle your 
team is using. Put it 2 feet from the sand. 
Leave the lamp on for 5 minutes. 


At the end of this time record in Table 3 the 
temperature of the sand. Also record in the 
table the temperature of the sand of the other 
teams. 


12. How does the angle at which the light 
strikes the surface affect the temperature? 


13. What does this data suggest about heat received from the sun at the North Pole (sun 
low on the horizon) and heat received at the Equator (sun high overhead)? 


C. FULL OF HOT AIR 


The data show that air is heated to different 
temperatures in different places. 


14. What does a mass of air do when it 
becomes warmer than the air around it? 


Let’s find out. Put a balloon over the end 
of a flameproof test tube. Heat the test 
tube over a burner. 

15. What happens to the balloon? 


16. Let the test tube cool. What happens? 


17. When you can touch it, set the test tube 
in ice water. What happens? 


18. What does air do as it becomes hotter? 


19. What does air do as it becomes colder? 


134 


Idea 4: It’s a Breeze/Investigation 2 





© 1971 by Prentice-Hall, Inc. 
All rights reserved. 


20. Summer temperatures in the southwestern deserts go up to 120°F. What do you think 
happens to the air pressure in your tires after being in that heat awhile? 


D. HEAVY OR LIGHT? 
So we know what hot air does. Now what does cool air do? 


Place a small container of lukewarm water near the edge of the table. Drop ina piece of Dry Ice 
about the size of a grape. 


WARNING: DON’T HANDLE DRY ICE WITH YOUR BARE HANDS! 

21. What happens? i are / ae ee 
22. Does cold air seem to be lighter or ASS 
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23. What usually happens when something 
heavy leans on something light? 





24. Which way would you expect the wind 
to blow at the beach on a hot day? 


In places where there are mild winters with 
occasional killing frosts, Orange trees are 
planted on the sides of hills, but not at the 
bottom. 


25. Why are the hillsides safer for the 
oranges? 


E. YOU CAN'T GO STRAIGHT ON A SPHERE 


From the data about cold heavy air and warm light air, it would seem that most winds should 
blow north to south in the U.S. They don’t. Everyone knows the North Pole is covered with 
ice and it’s hot at the Equator. But the winds don’t seem to cooperate. 





26. If they don’t blow directly north to 
south, in what direction would you guess 
that regular winds do blow? Pour sand toward center 


We have one clue: the Earth is rotating on its | 
axis. Let’s see how this affects the direction Lazy Susan 
things move in. 


Put out the round disk. Take a small contain- 
er of dry sand. Pour it in a straight line from 
the edge to the center of the disk. 
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27. What shape does the sand take on the disk? 
Start the disk turning clockwise. Pour the sand just the way you did before. 
28. What shape does it take on the disk now? 


Keep the disk turning. This time pour the sand in a straight line from the center to the 
edge. 


29. What shape does it take now? 


30. Suppose you lived on a rotating table. 
Would a hand up in the sky, pouring sand, 
seem to move in a straight line? How would 
it seem to move? 


31. If the Earth didn’t rotate, what direction 
might the winds blow? 


You have discovered the Coriolis Force. It is 
named for the French engineer who first 
found it. This force affects the winds. It 
affects ocean currents. It decides many 
other things. 








32. If your home is in Kansas City, your 
life may be suddenly influenced by the Cori- 
olis Force. How? 


We have heated air and cooled it. We have 
moved it about. We have put a little twist 
TO, 


The Topeka Capital-Journal 


33. What does the sun do to air? 


34. What does it take to make anything 
move? 


35. Someone once called the atmosphere a 
giant engine run by the sun. What do you 


think? 


CONCEPT SUMMARY. 
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Name 









Data Sheet 


A. WET OR DRY? 











TABLE NO. 1 


TEMPERATURE OF SAND AND WATER RECEIVING THE SAME HEAT, 
AT 5-MINUTE INTERVALS 





4. 
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TABLE NO. 2 
TEMPERATURE OF SAND AND WATER AS THEY COOL FROM 40°C, 
AT 5-MINUTE INTERVALS 


Temperature 

















7 





10. 





B. HIGH OR LOW? 


isi 


D72 


Name Date Class 





TABLE NO. 3 
TEMPERATURE REACHED BY A PAN OF SAND WHEN HEATED BY A 
LAMP SHINING AT DIFFERENT ANGLES TO THE SURFACE OF THE SAND 









; Temperature 
Team Light Angle Start as After 5 min. 


02 
(from the side) 










90° 
(from directly overhead) 
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12.0 


3; 


C. FULL OF HOT AIR 


14. 





LS: 


16. 


1/7. 


18. 


20. 


D. HEAVY OR LIGHT? 


JAE 


a2. 


LB a 





24. 


25, 
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Name Date Class 


$$ 
E. YOU CAN'T GO STRAIGHT ON A SPHERE 


26. 








27 





28. 
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ee 


Bee ce crc 


32. a a a a ee 
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34. 











So: 


CONCEPT SUMMARY: 


(Always record the concept summary in the IDEA Summary.) 
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PHYSICAL SCIENCE Idea 4 Interaction 





Investigation 3 





It's Not the Heat; It's the Humidity 


The scene is always changing. The earth changes. The weather changes. Changes occur 
within a single day. Change never stops. 


Rapho-Guillumette Pictures 
ae “= $F 
Rapho-Guillumette Pictures 








We are finding out why things change. Air and 
heat energy interact. Heavy cold air can roll 
under warm light air and push it along. Water 
heats more slowly than land, so we are sure to 
find different temperatures in different places. 
There is always wind somewhere. 


United Press International, Inc. 





There is more to weather than wind. For 
instance, there is rain. The first part of a 
rainstorm usually causes the most traffic ac- 
cidents. A film of oil forms on the road and 
takes some time to wash off. It also takes 
time for poor drivers to come off the 
road. But what about the water it- 
self? Where does rain come from and what 
decides when it comes down? 
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Canadian Consulate General—-NFB 


A. CLEAN HANDS FOR SCIENCE 


We know there is water in the air; every 
rainstorm tells us that. We have some ideas 
about how it gets there. The hint comes 
from every clothesline. The-clothes do get 
dry. Maybe drying can tell us something 
about water entering the air. 


Make your hands equally wet. They should 
not be dripping. Keep your left hand still at 
your side. Swing your right arm around in a 
circle. Keep it up for at least thirty seconds. 


1. Now look at your two hands. Which is 
drier? 


2. Which hand is colder? 


There are more ways of getting rid of water 
than by just waving it away. Add about 20 ml 
of water to a flameproof dish or beaker. Place 
it over a burner and heat it. 


3. After a short time, what has happened to 
the water? 


B. WET WIND, DRY WIND 


When we waved wet hands around, the 
water went into the air. When we heated 
water, it went into the air. How can we get 
some of this water back? 


Take a shiny metal cup. Fill it half full of water. Add pieces of ice until it is almost full. Now 


keep looking at the outside surface of the cup. 


4. What happens after a while? 


A car is sometimes wet early in the morning even though it didn’t rain. 


5. What do you think happened to the car’s temperature during the night? 
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So drops of water form on cold surfaces. It 
happens on cars and cold cans from the re- 
frigerator. It even happens on eyeglass lenses. 
But what happens when it rains? There are no 
cold metal cups up in the air. We see clouds 
and know they bring rain, snow, and hail. 
Clouds form in air. Air may be warm or cold. 
Let’s cool some air and see what happens. 


Fill a jar about one-quarter full of warm wa- 
ter. Tie some pieces of ice in a piece of cheese- 
cloth. Make the bundle larger than the mouth 
of the jar. Place the bundle of ice on the 
mouth of the jar and observe the jar for a few 
minutes. 


6. What is happening inside? 


7. What is floating around in the air that 
might be missing in the jar? 


Light a splint and let it burn for a moment. 
Blow out the flame so the splint glows. Low- 
er the glowing splint into the jar for 1 or 2 
seconds, then remove it. Place the bundle of 
ice on the mouth of the jar. 


8. Observe the jar for a few minutes. What 
is happening inside? 


9. What did we do to the air in the jar to get 
this result? 


10. What did the glowing splint add for the 


fog to form around? 


C. HOT OR COLD 


Gaining heat has one effect on water; losing 
heat has another. Let’s put them both to- 
gether. 


ea seme 
Laurence Fink 














Fill a flameproof flask about %4 full. Add some boiling chips. Put in a stopper very tightly : 
with a piece of bent glass tubing through it. Fill the metal cup with cold water and put in a 


thermometer. 
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_ Thermometer ~ 
WA 
Yd 


Metal cup 
Ag 
Bent glass tubing Hf 


Stopper 


Support 





¢— Flask 1/4 full of water 


Ve 


Support 


?\—__ Burner 








11. Record the temperature. 


Place the flask over a burner. Put the metal 
cup on a support. Keep the glass tube 
pointed at the metal cup. Let the water in 
the flask begin to boil. 


12. What happens on the side of the metal 
cup? 


13. Allow the water to boil for 5 minutes. 
Write in your data sheet the temperature of 
the water in the cup. 


14. Which way did heat go between the cup 
and the steam? 


15. What happened to the steam when it hit 
the side of the cup? 


All through this investigation water has been 
gaining or losing heat. It has also been 
changing its form. Sometimes it is a liquid 
and sometimes a gas. How are the heat in 
the water and the form the water takes 
connected? Let’s examine our data. 


16. When water was placed over a burner, 
heat was added. What form did the water take? 


17. When the cold, metal cup took heat from 
the air, what form did the water in the air 
take? 


Water actions form a pattern. A heat change 
causes water to form a gas. Another heat 
change causes water in the form of a gas to 
become a liquid. The refrigerator takes heat 
from water to make ice cubes. Changes like 
these also take place in our atmosphere. There 
are always some of the three forms of water 
around somewhere. 


Trace the interactions of water and energy 
in the chart. 
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Official U.S. Navy Photograph 


18. What is the sun’s energy doing to water at Position 1? 


19. Why did the cloud at Position 2 move from the sea toward the land? 


20. What is the cloud at Position 3 doing, and why do you think this happened? 


21. What acted on the rainwater to bring it back to Position 4? 


D. WATER AND YOU 


Water moves from place to place. Some moves absorb heat. Some moves release heat. By 
doing all this, water works for us. Your wet hand in part A showed how. 


22. How do you feel when you are wet from 
swimming or a shower, and wind blows on 
you? 


23. On a hot day, you perspire a lot more 
than on a cold day. How is perspiring useful 
to you? 


24. Some deodorants can stop you from per- 
spiring. How might this be harmful? 


We can’t get along without water. We drink 
it, wash in it, use it in industry, swim in it, 
and irrigate crops with it. 


In many parts of the world the water supply 
is too small. There isn’t enough clean water to 
do all of the jobs. This is true in many parts of 
the U.S.A. There are plans to do something 
about it. One is to pump water from Canada 
to Mexico. Another would have ships bring 
icebergs down from the Arctic. 















Bob S. Smith from Rapho-Guillumette 


Bucket lift fills tank 
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You have heard of plans to make rain. Sometimes, even when the energy is right, it doesn’t 
rain. Scientists scatter special particles in the air to start things going. It’s called seed- 
ing. You used something like this system when you made fog in a jar. 


25. What was the function of the glowing splint? 
26. What are some reasons why a government might want to control rainmaking? 
27. Whenever water changes its form, what has interacted with it? 


CONCEPT SUMMARY. 
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Data Sheet 


A. CLEAN HANDS FOR SCIENCE 


1. 








B. WET WIND, DRY WIND 


4. 


























10. 


C. HOT OR COLD 


BL. 





V2: 


1S: 





14. 


lo 
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16. 


Lah 


18. 


Lyi 


20. 


D. WATER AND YOU 


ppm 





PES 





24. 





Pay. 





’ 
' 
Pt 
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4 
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Vs 
Pi 
F 
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26. 
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PHYSICAL SCIENCE Idea 4 Interaction 





Investigation 4 





We Walk On It Daily 


Some students go to the beach and have barbecues in the sand. Others use clay to model 
pots, jars, and statues. A few grow miniature plants in pots of earth. Your kid brother may 
get his kicks walking barefoot in mud puddles. 





Sumitomo Metal Industries, L td. 
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Sand, clay, earth, mud—some form of 
Mother Earth comes into all of these activi- 
ties. And earth starts with hard rock. No 
matter where on Earth you dig, sooner or 
later you reach hard rock. 


Josef Muench 


A. MOUNTAINS WILL CRUMBLE 


Where do sand, clay, earth, and mud come 
from? Rocks don’t melt in the sun, but 
they spend all their time outdoors. What 
happens to rocks out in the weather? They 
get wet. They get covered with ice and 
snow. Plants live and die on them. Forest 
and brush fires scorch them. All of this 
must have some effect. Let’s see what it is. 
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Fill the small glass bottle with water. Close it under water so 
there won’t be any bubbles. Place it in a beaker or jar. Sur- 
round it with a mixture of salt and crushed ice. Look at the 
bottle carefully every few minutes. 





1. What happens? 


2. Did the other group get the same results? 


3. What do you think will happen if water gets into tiny 
cracks in a rock and freezes? 


4. If freezing like this takes place high on a mountain, what 
may happen below? 


B. DON’T LET THEM GRIND YOU DOWN 


Rocks don’t do too well when the water around them keeps 
melting and freezing. Maybe if it were cold all the time things 
would be better. Or would they? A pile of snow over a hun- 
dred feet thick will weigh quite a bit. If it starts sliding down a 
hill, what happens to the rocks under the snow? 


US. Dept. of the Interior Geological Survey : 





Sprinkle some sand on a board. Use a paper towel to pick up an ice cube. Push the ice 
cube tight against the sandy board. Drag it along. 


5. What happens to the board? 
6. Turn the piece of ice over. What has happened to some of the sand? 
7. What common tool does this remind you of? 


8. How do you think this process may affect rock? 
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Rock or weight 


C. POWERFUL BEANS 
| <— Water to 60 ml mark 


What else is rough on rocks? Do plants get 09) <— Beans to 40 ml mark 
into the act? A plant manages to lift itself 
and grow against the force of gravity. What 


will it do if a rock gets in its way? 
Fill a 100 mi! graduated cylinder to the 40 ml mark with dried beans. Use baby lima beans, 
pinto beans, or other beans of the same size. Rest a piece of rock on top of the beans. Fill 
the cylinder with water to the 60 ml mark. Measure the distance from the top of the rock 
to the bottom of the cylinder. 


9. Record the measurement. 


10. Let the graduate stand overnight. Measure and record the distance from the top of the 
rock to the bottom of the cylinder again. 


11. What happened to the rock? 
12. What would happen if it were a bigger rock? 


Pushing up a small rock is not a very big job. Suppose a seed falls into a tiny crack in a big 
rock. 


13. What will happen when the seed sprouts into a plant? 


or) 


. er # 
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gical Survey 


One large batch of patching plaster will be mixed for the whole class. 
It should be as stiff as possible. 


¢ om, 
* } 


Take two 1 oz. paper cups and ten beans. (Baby lima beans or pinto 
beans will work well.) Put all the beans into one cup and pour in wet 
plaster until the cup is full. Stir up thoroughly with a stick so that the 
beans are spread around in the plaster. 


U.S. Dept. of the Interior Geolo 


Fill the other cup with wet plaster without beans. Let both cups set for 
24 hours. Peel the paper cup away from each chunk of hard plaster. 


14. Describe the condition of each chunk of plaster. 
15. How do you account for the difference between the two chunks? 
16. When is a tiny plant stronger than a big rock? 


D. CHEMICAL WARFARE 


Plants can push rocks out of their way. Plants also produce many chem- 
icals. These chemicals seep down to the rock below. Then what happens? 
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20 ml lemon juice 


10 g of crushed calcite 
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Did you ever try to suck a lemon? 
17. How did your teeth feel after tasting a lemon? 


How does a rock react to lemon juice? It certainly can’t use 
the vitamin C. 


Place about 10 g of crushed calcite in a Petri dish. Pour 20 ml 
of lemon juice over it. Look closely. 


18. What happens? 


19. If plant chemicals keep reacting with rock long enough 
this way, what will finally happen to the rock? 


E. THE GOOD EARTH 

The formation of soil is very slow. Mountains keep wearing 
away. Rocks keep coming apart and being washed down into 
the fertile valleys. It takes about a thousand years to produce 


an inch-thick layer of soil over the rock. 


20. What does it take besides water and rock to keep the soil 
formation process going? 


21. What is interacting to wear down the Earth’s surface? 
22. Why is soil important to us? 


CONCEPT SUMMARY. 
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Data Sheet 


A. MOUNTAINS WILL CRUMBLE 


B. DON’T LET THEM GRIND YOU DOWN 
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C. POWERFUL BEANS 
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PHYSICAL SCIENCE Idea 4 Interaction 





Investigation 5 





Our Great Big Layer Cake 


Interactions in the atmosphere also affect the Earth. The surface of the Earth is wearing down. 
Rocks crumble. Mountains don’t last forever. 


This wear and tear leads to questions. What 
happens to the rock that is worn off? Will 
the Earth ever be worn smooth? If the Earth 
is about 4% billion years old, why isn’t there 
worn-out rock all over the place? 


A. THE SALT OF THE EARTH 


1. What do you think happens to the worn- 
off rock? 







Water can do many things. It may form 
rivers and flow off into the sea. It may 
collect as lakes and ponds. Sometimes a 
change in weather conditions or climate may 
cut off the water supply to a lake. 





Colorado Dept. of Public Relations 






National Air Photo Library, Canada 
Canadian Consulate General 
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2. What happens to a puddle a day or so 
after the rain stops? 


3. What do you predict will happen to a 
lake if water stops flowing into it? 





Water is always on the move. Whatever is in 
the water—salt, other chemicals, dissolved 
rock—is moving too. We are more interested 
in the things in the water than the water 
itself. Let’s find out what happens to them 
when the water dries up. 


Pour 25 ml of water into a 100 ml beaker. 
Add 4 teaspoon of the blue crystals and stir 
until they are dissolved. 


DO NOT TASTE THE BLUE CRYSTALS. 
THEY ARE POISON. 


Place the beaker of blue liquid on the burner 
stand with the flame underneath. Place a 
clean 600 ml flameproof beaker upside down 
on the stand so that the smaller beaker fits 
up inside it. 





Boil your blue liquid and blow on the outside of the large beaker. When enough drops have 
collected on the inside of the large beaker, shake them together and examine the liquid you 
have obtained. 


4. What color is it? 


5. Keep the small beaker over a low flame 
until the contents are dry. What is left? 


6. How do you think the Bonneville Salt 
Flats in Utah were formed? 


B. IF ROCKS COULD TALK 


We now have a clue about where some of 
the worn-out rock is going. At this point 
some people may be wondering how rocks 
got there in the first place, before they 
started to wear away. 
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7. Examine the rock specimen that will be passed around. Describe what you see. 


An artist could chisel designs like that into hard rock with cold tempered steel. But nature 
doesn’t use cold tempered steel. 


8. What do you think the rock was like when those designs were put into it? Explain how 
it might have happened. 


One thing we always look for in nature is order. Let’s see if there is any pattern to the 
formation of rock. 


Pinholes punched in bottom 





Cut the top off a milk carton. Make a few 
pinholes in the bottom. In a beaker make up 
a mixture of about 200 ml of the coarse 
gravel and water, half and half. Pour it into 
the carton. Let the carton drain in the sink 
or in a large pan. 


Mix up some fine gravel and water in the same 
way, and pour it into the carton. Let the 
water drain out. Follow up with one more 
mixture: sand in water. Stir well just before 
pouring into the carton. Let the carton drain 
overnight after the last mixture. 








Cut 2 slits down one side of the carton. Peel 
down the strip of carton between the slits. 
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9. Describe what you see. 


10. Which layer should be the oldest? 


11. Are the layers level or tilted? 


ae 
i) 


. Which layer would have the oldest fossils if this had happened in nature? 


Rock that is wearing off mountains is carried away by water. When the water slows down 
in lakes or the sea, the rock particles settle out. 


13. What may happen to the material that settles out? 


C. IT ALL GOES ON UNDERFOOT 


New layers of material can be formed from particles that settle out of water. Dissolved 
minerals remain behind when water evaporates. 


14. What has to interact with water to make it evaporate? 


| _ The formation of new layers depends upon 
a the interaction of three things. 


15. One is water; what are the other two? 


Some rocks we find today must have been 
softer at one time. 


16. What did a rock in soft, melted form 
have to lose to get hard? 


In all of these actions something is hap- 
pening to matter. 





17. What is needed to make matter act? 


CONCEPT SUMMARY. 
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A. THE SALT OF THE EARTH 





























B. IF ROCKS COULD TALK 
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Investigation 6 





Grow Some Rocks 


Energy is constantly reacting with matter to pull down the mountains and wear away the 
surface of the Earth. The same forces tear down the works of man. 


Prof. Sheldon Judson 





Rock Slabs Are Constantly Splitting Off Stone Mountain, Georgia, and Falling to the Bottom 


Layers of Sandstone 





Carbon Dioxide Formed Carbonic 
Acid in Dripping Rain Water and 
Wore Away This Building at 
Harvard University 





The last investigation reversed the process. 
Water and energy washed the worn-off bits 
of rock and dissolved minerals into lakes 
and seas. They settled into layers. The layers 
finally formed rock once more. 


Is this all there is to it: rock to mud and 
sand—mud and sand to rock? Or are there 
other processes going on in the Earth? 








Josef Muench 


Recoton Corp. 


A. TRY IT WET 


When you added blue crystals to water and 
then let the water evaporate, the blue material 
that remained was also in the form of crystals. 
Many materials in the Earth’s surface are in 
the form of crystals. Often they are so small 
or so squashed together that we can’t see 
them. But crystals are everywhere. We see 
them in the sugar bowl and the salt shaker, 
in the quartz used in electronic equipment, 
in diamonds used as decorations, phonograph 
needles, and industrial cutting tools. 


When you talk about crystals, you have to talk about heating and cooling. The blue crystals 


appeared again when the water evaporated. Suppose the water doesn’t evaporate? 


Place 50 ml of water in a small flameproof beaker. Add 10 g of potassium sulfate. Warm the 


mixture over the burner and stir. 
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1. What happens? 


2. Allow the solution to cool to room tem- 
perature. What do you observe? 


3. What is being lost as the beaker cools? 


4. What did the formation of the crystals 
seem to depend upon? 


B. TRY IT DRY 


The temperature of a solution controls the 
amount of material that can be in solu- 
tion. This helps decide when crystals will 
form around hot springs and geysers. 


A solution usually means a solid material 
dissolved in water. What if there is no 
water—will this prevent the formation of 
crystals? 


Fill a test tube about half full of phenyl 
Salicylate. Set it in a beaker of very hot 
water. 


5. What happens? 


Take the test tube out of the hot water and 
let it cool. 
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6. Describe what you see. 





Procter & Gamble Co. 





7. What always seems necessary to form 
crystals? Hint: not water. 


C. TRY IT MIXED 





Water can dissolve many substances. We are 
interested in what becomes of the minerals 
dissolved in water. First off, what dissolves 
in water besides salt? 


eae 





Miles Laboratories 
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Morton International, Inc. 


American Sugar Co. 








Among the most common elements in the Earth’s crust are sodium (in salt and other minerals); 
silicon (in sand and most rocks); oxygen (in air, water, sand, and all rocks). When water 
trickles through the rocks, it dissolves small amounts of different substances. 


8. What elements do you think would soon be present in some form in the water? 

We will use a solution of sodium silicate, which contains all three of the elements we men- 
tioned: sodium, silicon, and oxygen. Let’s see what it does to other mineral substances. Look 
at the substance nickel sulfate, which we will use with the sodium silicate. 


9. Describe its appearance. 


Take a quantity of nickel sulfate about the same size as a drop of water. Place it in a beaker 
or jar with between 50 and 75 ml of water. Stir. 


10. Does all of the nickel sulfate dissolve? 
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Line the bottom of a jar with a paper towel. Fill the jar two-thirds full of the sodium silicate 
solution. Drop in about 10 or 15 g of nickel sulfate crystals. Let the jar stand for 10-20 minutes. 
Take out a sample of what you now have in the jar. 

11. Describe the substance. 


12. How easily does it dissolve in water? 


13. Are the properties of the substance the same as the properties of either the nickel sulfate 
you dropped in, or the sodium silicate that was in the jar to start with? 


14. Explain why you think a new substance was formed. 

15. What can happen to substances that start out by being dissolved in water? 

You have watched solids form in different ways. In two cases no new substances were formed. 
Solids were formed, but the same substances were there before they became solids. In one case, 


a solid was formed that was anew substance. 


16. In part A, when you dissolved the potassium sulfate and recrystallized it, what interaction 
caused the result you saw? 


17. In part B, when you melted and rehardened the phenyl salicylate, what interaction caused 
the result? 


18. What two materials reacted in part C to form a new substance? 


19. How are the materials of the Earth changed? 


CONCEPT SUMMARY. 
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A. TRY IT WET 








B. TRY IT DRY 


C. TRY IT MIXED 
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PHYSICAL SCIENCE Idea 4 Interaction 





Investigation 7 





What Goes Down Must Come Up 


The weather is the result of interactions of air, water, and energy. After a while water 
wind, and energy wear down mountains. Wind and running water spread the worn-off rock 


b) 


out in layers. Chemicals that dissolve in water interact. Some of them act as glue for the 


new rock layers. Others form crystals of new substances. The layers become rock again. 


The worn-down rock collects in low places. 
The new layers form in lakes and sea bot- 
toms. In 4% billion years there has been 
plenty of time for the tallest mountains to 
be worn down. Why isn’t the Earth worn 
smooth? 


NASA 


Crystals Form in a Bubble in Limestone, Making a 
Rock Called a Geode 
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Geological Museum, Harvard University 
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A. SURF IN THE MOUNTAINS? 


1. The rock specimens you will examine were collected high above sea level. Look at them 
carefully. Describe what you see. 


2. What does the rock specimen tell you about sea level around these rocks a long time ago? 
3. What reasons can you give for your answer to question 2? 


B. MELT AN ICEBERG 





Sonar, a sound-echoing system on ships for 
detecting submarines, was first used during 
World War II. The sonar also measured the 
distance to the bottom of the sea. When 
certain measurements were collected and ex- 
amined, whole ranges of mountains were dis- 
covered in the sea. 


The tops of these mountains are deep below 
the surface. Samples of them were 
taken. The samples contained remains of 
plants and animals that live on land. 


4. What are the possible explanations? 


Scientists became convinced that there had 
once been an Ice Age, during which about % 
of the Earth’s land area was covered with ice 
hundreds of feet thick. The ice melted back 
to reach its present position about 11,000 
years ago. 





Measure this distance Ice cubes 


5. What do you think happened to the sea 
when all that ice melted? 


6. What do you think happened to the land 
when the load of ice was taken off? 


Place some ice cubes on top of a flat, thin 
piece of board, just about covering it. Set 
the board and ice in a beaker of warm water. 
Measure the distance from the top of the — 
wood to the surface of the water. Record this 
in the first line of Table No. 1. 
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7. What happened to the board as the ice melted? 
8. What do you think happened to the land under the melting ice of the Ice Age? 
9. If the water from the melting ice ran into the sea, what happened to the sea? 


10. What do you think the added load of water did to the sea bottom? 
C. PUT ON THE PRESSURE 


We have seen what happens when the load comes off a surface. What about the opposite 
action? Melting ice puts a load of water on the bottom of the sea. The rock worn from 
mountains puts a tremendous load on the lowlands where it collects. 


11. What do you predict happens when an increased load is placed on one part of the 
Earth’s surface? 


Let’s test it. The disk with the special center will be laid flat on the table. The metal cylinder 
will be set upright on the special center. 


12. Record its height above the surface of the disk. 


13. After a few minutes have gone by, record 
the new height of the cylinder above the disk. 


14. What has happened to the cylinder? 


15. What happened to the special center in 
the disk? 


16. What happens to an area when a load is 
placed upon it? 


17. What may happen to nearby areas as a 
result of this? 


18. In the light of your answers to ques- 
tions 8, 10, 16, and 17, what do you think 
the consistency of the Earth may be like 
way down below the hard rock in the 
Earth’s crust? 
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D. WHEN IT’S GONE, IT’S GONE 


There are good reasons for knowing where 
and when a movement of the earth will take 
place. Avoiding earthquake damage is one of 
them. But movements in the earth also have 
useful effects. The metals we use are some- 
times collected into certain places by move- 
ments in the Earth’s crust. 


Max Wyss Is a Scientist Studying Earthquakes 


United Press International, Inc 





Cars, planes, trains, and cameras all depend on digging these metals from the earth. There 
are problems. You add to one of the problems every time you take a picture. Even if your 
camera is all glass and plastic, the film works with silver. To give you the picture, the U:S., 
in 1965, stopped putting any silver into dimes and quarters; it also cut down the amount in 
half-dollars. Table No. 2 tells more of the story. 





- 
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TABLE NO. 2 
SILVER PRODUCTION, IMPORT, AND USE IN THE UNITED STATES* 


- me ‘i 
Produced | 
et 50,627 | 70,436 | 42,596 | 37,198 36,334 39.800 

United J 

States 
Imported 39,177 57,986 79,473 53,961 67,281 

Used in 
industry 26,874 44,499 110,000 | 101,000 | 102,000 | 110,000 | 123,000 | 137,000 


*Thousands of ounces 























19. Add the amount of silver produced in 1930 to the amount imported. Is this more or 
less than the silver used in industry that year? 


20. Add the amount of silver produced in 1969 to the amount imported. Is this more or 
less than the silver used in industry that year? 


21. What is happening to our supply of silver? 


Black Star 


Silver and all the other minerals in the earth 
are natural resources. A country depends on 
its natural resources to make it go. People 
depend on them to lead happy, satisfying 
lives. Some resources are renewable: trees 
may grow back; water will collect again for 
power plants. But when a mine plays out, 
that’s the end. 


The 100,000 or so people in the photo- 
graphic industry may be able to find other 
jobs if the silver goes. But what would the 
whole country do if the problem were iron 
or oil? One out of seven jobs depends upon 
the automobile industry, and running out of 
iron or oil would stop it cold. 
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You may have heard statements like: “Don’t worry, the scientists will solve everything,” and 
“Live it up today and let our grandchildren do the worrying.” 


22. Do you agree or disagree with such statements? Why? 

There is a lot of action on the Earth. Things are melting or freezing, wearing down or piling 
up. You have observed what happens when a load is removed. You also saw what happens 
when a surface is weighted down. 

23. Why isn’t the Earth worn smooth? 


24. What interactions keep things going? 


CONCEPT SUMMARY. 
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Date Class 





Data Sheet 


A. SURF IN THE MOUNTAINS? 


























B. MELT AN ICEBERG 


4. 
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TABLE NO. | 
DEPTH IN WATER OF AN ICE-COVERED BOARD 


Amount of Depth of 

Ice Remaining Board (cm) 
oa | 
oe |) 
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C. PUT ON THE PRESSURE 
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D. WHEN IT’S GONE, IT’S GONE 
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PHYSICAL SCIENCE Idea 4 Interaction 





Investigation 8 





What's Going on Down There ? 


Everything is in action. The weather keeps changing. The elements of the Earth are recombining 
to make new compounds. Some parts of the Earth are rising while others are sinking. What if an 
earthquake knocked you off your feet? First you would pick yourself up. Then you would ask 
questions. What’s down there? Is the Earth solid all the way through? Why do houses on soft 
ground suffer more earthquake damage than those on hard rock? 


- # 
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We get information from inside the Earth in 
the same way we get information from light 
and sound in the form of waves. And just 
like a doctor listening to your chest, or a 
mechanic listening to your motor, we must 
first learn how to understand the waves 
coming from inside the Earth. 


A. MY WAVE CAN BEAT YOUR WAVE 


All waves have certain things in com- 
mon. Waves traveling along springs will give 
us clues about waves in the Earth. 





Lay a super-Slinky on the floor and have your partner pull it in a straight line out to at least 
30 feet. All of the super-Slinky, including both ends, should be touching the floor. (You may 
have to go out in the hall to do this one.) Give your hand, holding the end of the super-Slinky, 
a quick jerk sideways. This sends one kind of wave down the Slinky. 






popred 
yaTeieeh Top} ybrwaDvD vBDIP 
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Transverse Wave 


1. Describe what you see as the wave goes down to the other end. 


This is a crossways or transverse wave. Now try another kind of wave. Give your hand, holding 
the end of the super-Slinky, a quick jerk back and forth. This sends another kind of wave down 
the Slinky. 


Compression Wave 











2. Describe what you see as this wave goes down the Slinky. 
This second wave is a compression wave. Now let’s race them. 


Get two super-Slinkies, side by side, stretched out straight to the same distance, with your 
partner holding down both at one end. At exactly the same moment, send a transverse wave 
down one and a compression wave down the other. (If this is difficult to do alone, you may 
want another team-member to work with you, and someone to give the signal: ‘“‘One-two- 
three.’’) 


3. Which kind of wave got down to the end first? 


4. If two such waves start together from an earthquake, how will they be received a short 
distance away? 


5. What will change if they come from a long distance away? 


B. GET THE MESSAGE 


Telephones, radios, television receivers, and record players all work by converting waves you 
can’t detect into waves you see or hear. In order to study earthquake patterns we must 
detect the transverse and compression waves coming through the earth. 


Tie a weight to the end of about a meter of light string. Choose a weight like a lead sinker 
so you can attach the string at the top center. Hold the end of the string. The weight 
should hang just off the floor, neither spinning nor swinging. Slowly move your hand from 
side to side. 


6. What does the weight do? 


7. Move your hand from side to side quick- 
ly. What does the weight do this time? 


8. If the floor moved sideways, what do you 
think the weight would do? 


Hold a marking pen straight up and down 
over a piece of paper. Move your hand from 
side to side slowly as your partner pulls the 
paper with a steady motion. (Don’t try to 
do both things yourself.) 


9. Describe the marks on the paper. 
10. Pull the paper at the same speed 


again. How do the marks change when you 
move your hand faster? 
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Primary waves Secondary waves 


1:49 a.m. 1:50 1:51 152 1:53 1:54 1:55 1:56 1257 1:58 1:59 2:00 a.m. 





RUMANIAN EARTHQUAKE 
November 10, 1940 











The seismograph is an instrument that draws earthquake waves. It has a weight, a pen, anda 
moving strip of paper. It records a wiggly line minute by minute. Just as you got different-look- 
ing results when you moved your hand faster or slower, the seismograph shows a picture of the 
different kinds of waves reaching it. 


TABLE No. | You found that compression waves move 
SPEED OF PRIMARY AND SECONDARY WAVES faster than transverse waves. They have been 
timed and their speeds compared. The data 
are in Table No. 1. The faster, compression 
wave is called the Primary wave. The slower, 
transverse wave is the Secondary wave. 


Time Between Primary 
And Secondary Waves 


Miles From 
Source 


11. Look at the second column of Table No. 1. 
How much time was there between the first 
Primary wave and the first Secondary wave, 
if the seismograph was 2,000 miles from the 
earthquake? 


12. Look at the record of the Rumanian 
earthquake of November 10, 1940. When did 
the big Secondary waves begin? 





Estimate the time in minutes and seconds between the beginning of the Primary waves and 
the beginning of the Secondary waves. 


13. What time do you get? 


Use Table No. 1 to figure how far the Rumanian earthquake of November 10, 1940, was 
from the recording station. 


14. What distance do you get? 
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C.E. Rotkin - TEXACO 


C. WHAT ABOUT THE REST OF US? 


Geologists use earth waves in many ways. 
They have learned that there are layers of 
rock deep below the surface where waves 
move faster than at the surface. They even 
found a liquid core 1,800 miles down. Oil 
companies also are interested. So is anyone 
else who needs metals from the earth. 


Another group to come to the geologists for 
help were government leaders worried about 
the Nuclear Test Ban. They had to balance 
the danger of radiation fallout against the 
plans for national defense. There were prob- 
lems. Some countries did not like the idea 
of outsiders coming in to inspect their terri- 
tory. A way was needed to detect nuclear 
explosions from a distance. 
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15. Which do you say and why? 











Some scientists point out that explosion 
wave patterns are different from those of 
earthquakes, and that it is possible, with 
seismographs, to detect even small ex- 
plosions in caves long distances away. 


But other scientists say that once in a while 
an earthquake occurs with a wave that seems 
like an explosion. If an explosion is small 
enough to be hidden in an underground cave, 
the information that a seismograph far away 
could give about it would be unreliable. 


Where does all this leave the average 
voter? (Remember, pretty soon the average 
voter will be you!) Even our lawmakers in 
Washington are not entirely sure what to 
do. We could keep testing at the risk of 
increasing fallout. Or we could stop testing 
ourselves and maybe miss sneak tests by 
some other country. 


Atomic explosions release tremendous energy, but most earthquakes are even more powerful. 


16. What does it take to push millions of tons of rock around? 


17. What do the signals received by seismographs during earthquakes consist of? 


CONCEPT SUMMARY. 
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A. MY WAVE CAN BEAT YOUR WAVE 


























B. GET THE MESSAGE 


6. 
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PHYSICAL SCIENCE Idea 4 Interaction 





Investigation 9 





It Gets Late Too Early 


Life on earth is like a circus. There is some- 
thing going on somewhere all the time. 


The acts are always changing. Some change 
quickly, others more slowly. Every per- 
former loves the spotlight, but the spotlight 
in Our circus is also a performer. 


A. TURN ON THE HEAT 


We don’t get the same amount of energy 
from the sun every day. You find this out 
in many ways. For instance, part of the cost 
of living is controlled by the sun. In many 
parts of the United States gas is used for 
heating as well as cooking. Table No. 1 
shows the amount of gas used in a typical 
home, each month of the year. (It has been averaged over several years to eliminate unusual 
weather. Cost has been calculated at the rate of 6% ¢ per 100 cubic feet.) 


Wide World Photos 





TABLE NO. 1 
AVERAGE FAMILY GAS CONSUMPTION AND COST, BY MONTH 








Gas Used 





(in 100 cu. ft. 33 47 











2.14 | 3.06 

















1. In what month is the gas bill highest? 
2. In what month is the gas bill lowest? 


3. The difference in cost is due to the amount of sunlight during each month. How much more 
does gas cost for the most expensive month than for the least expensive month? 


167 


4. If you live in an apartment house with central heating, the heating system doesn’t work 
all year round. Explain why. 


B. THE SHORTER THE COOLER 
If the number of hours the sun shines each day affects the budget, it’s worth investigating. 


5S. What do you predict will come with fewer hours of sunlight: warmer or cooler weather, 
and why? 


Keep a record of the time of sunrise and sunset for a week. If you are not able to time 
them yourself, get them from a local newspaper or from TV. Record your data in Table 
No. 2. Fill in the last column. 


6. Did you find the hours of sunlight to be increasing or decreasing? 


7. Do you expect cooler or warmer weather? Why? 
C. FIGURE THE ANGLES 


Step outside in December or January, and it is usually cold. Even when the sun is shining, it 
doesn’t seem to have the warmth that it does in July. You found previously that when the 
angle a light was shining from changed, the temperature of a pan of sand also changed. Maybe 
the angle the sun is shining from has a connection with the weather. Let’s find out. 


DANGER — 


LOOKING DIRECTLY AT THE SUN WILL DO PERMANENT DAMAGE TO YOUR EYES. 


The average sunglasses are not enough. You 
must use a method that doesn’t require look- 
ing directly at the sun. Let the shadows cast 
by the sunlight work for you. 


8. How long is your shadow at noon com- 
pared to 8:00 A.M.? 


9. Would you predict that your shadow 
would be the same length or different, at 
noon on January | compared to noon on 
July 1? 


Choose a time of day, such as noon, 2:00 
P.M., 4:00 P.M., etc. At exactly this time 
each day, measure the distance in centi- 
meters from the bottom of your school flag- 
pole (or some other upright, fixed pole) to 
the tip of its shadow. Write this distance in 
Table No. 3 for 7 consecutive days. Fill in 
the time in the title of Table No. 3. 
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10. Did the shadow become longer or 
shorter? 


11. Was the sun’s position higher or lower 
each day at the time you measured? 


12. Would you expect cooler or warmer 
weather? 


D. WHAT, DARK ALREADY? 


During part of the year the days are 
short. At other times there are more hours 
of sunlight than of darkness. 





13. Which month has the shortest days? 


— Grete Mannheim 


14. Which month has the longest days? 
Look at the map of average January temperatures. 
15. What is the peers point of water? 

16. How much of the U.S. stays below freezing in January? 


Look at the map showing the highest average June temperatures. Remember, 70°F is consid- 
ered a comfortable room temperature. 


17. According to the map, what is the coolest part of the United States in June? 


18. What is it like northwest of Tucson, out in the Arizona Desert, in June? 


January 
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19. Look at both maps. Where does 


Canadian Consulate General Texas Highway Dept. 


or the Mexican border? 








the sun reach a higher angle, at the Canadian border 


20. When is the sun at a higher angle, in June or January? 


You now have data about energy and the angle of the sun. Is there a pattern? 


TABLE No. 4 


SUNRISE AND SUNSET TIMES FOR SAN FRANCISCO 
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Sunrise 
(A.M.) 
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Table No. 4 lists sunrise and sunset times for 
the first day of each month in San Fran- 
cisco. On the data sheet, fill in Table No. 4a 
showing the hours of daylight for each of 
these days in San Francisco. 


Now draw a line graph showing the informa- 
tion you have in Table No. 4a. Connect the 
points on your graph with a smooth line. 


21. Describe the shape of your graph. 


22. Explain the yearly pattern of hours of 
daylight. 


CONCEPT SUMMARY. 
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A. TURN ON THE HEAT 














B. THE SHORTER THE COOLER 
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TABLE NO. 2 
HOURS OF SUNLIGHT, DAY BY DAY DURING ONE WEEK 


S - Hours of 
re Sunlight 
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C. FIGURE THE ANGLES 


8. 








TABLE NO. 3 


LENGTH OF THE SHADOW OF A FIXED POLE AT 
EACH DAY FOR 7 CONSECUTIVE DAYS 

















D. WHAT, DARK ALREADY? 


ASI: 





14. LS 16. 
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TABLE NO. 4a 
HOURS OF DAYLIGHT IN SAN FRANCISCO 
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GRAPH NO. 1 
HOURS OF DAYLIGHT IN SAN FRANCISCO 
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Somewhere in Space 


Man has studied the sun, moon, and planets since the beginnings of civilization. One thing that 
has always fascinated him, and is even more vital today, is summed up in the question ““How 
far?’’ In order to figure the time it takes a spaceship to go to the moon you must know two 
things: the speed of the spaceship and the distance to the moon. 
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Stonehenge, in England, Was an Ancient 
Astronomical Observatory 


If you ask people how far away the moon is, 
quite a few may say, “About 240,000 miles,” 
which is right. But how do we know? Our 
astronauts never took the time to measure it. 


A. HOW HIGH THE MOON? 


Have a member of your team look at a pencil 
which is held near his nose. Have him look at 
the pencil as he gradually moves it straight 
out from his nose. While he moves it away, 
watch his eyes. 


1. Do your team member’s eyes become more 


cross-eyed as the pencil is moved straight out 
from his nose? 
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(a) Line up the ends of clips A and 
B with the dowel. When you , 
have, tape the paper to the / 
desk in two places so it P 
will not move / 









Change places, so that you both have the 
chance to watch each other. 


You can get some idea about how far away 
an object is by seeing how cross-eyed you 
must be in order to look at it. The nearer it 
is, the more cross-eyed you must look at it. 


We will now make a distance-measuring de- 
vice that works something like your eyes. 


Tape together 4 pieces of paper or use one 
large sheet about 20 inches by 15 inches. 
Label the corners A, B, C, and D as shown. 


Tape paper clips to corners A, B, and D but 
not to C. Get the upright part of the paper 
clip as near to the corner as you can. 


Place a paper clip on the paper near corner 
C, but do not tape it down. 


Put your wooden dowel marker out in front 
of you near the far wall. 

















corner C 











(c) Measure with a meter stick the distance from clip C to 


(b) Move clip C along 
the far edge of 
your paper until . 
it lines up with \ 
clip D and the 

dowel 









(d) Measure with a meter 
stick the distance from 


the dowel to H 
| hd), 






corner 
A 
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Fill in the first line of Table No. 1 in your 
data sheet. 


Bring the dowel in toward you 1/5 of the 
distance it is from you. Repeat steps (a), (b), 
(c), and (d) and fill in the line for Position 2 
in the table. 


Bring the dowel in toward you another 1/5 of 
the distance, repeat steps (a), (b), (c), and 
(d), and fill in the line for Position 3 in the 
table. 


Bring the dowel in another 1/5 the distance, 
repeat the steps, and fill in the line for Position 
4 in the table. 


After bringing in the dowel again, repeat the 
steps, and fill in the line for Position 5. From 
your table complete the graph on your data 
sheet. 





+ Position 1 


1/5 

# Position 2 
1/5 

4 Position 3 
1/5 

+ Position 4 
1/5 

4 Position 5 
1/5 








You have now made for yourself a distance-measuring device called a range finder. From 
scientific supply companies you can buy range finders ready made. These store-bought 
range finders are made of solid materials like wood, metal, and glass—and they are expensive. 


Let’s measure some distances with the range 
finder you just made. 


Place the wooden dowel somewhere in front 
of you, but don’t measure to see how far 
away it is. It should be farther than your 
arm’s reach, but not farther than the longest 
distance you had it set at when you were 
filling in the table. 


When the wooden dowel is in place, do steps 
(a), (b), and (c). Fill in the space for Position 
6 in the table, using your graph to get the 
distance from the dowel to corner A. 


2. With a meter stick or tape measure, 
measure how far away the dowel is from 
corner A. What do you get? 
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3. Now you have two distances to work with: (1) the dowel’s distance as taken from your 
graph and (2) the dowel’s distance as measured by your meter stick or tape measure. Sub- 
tract the smaller of these two numbers from the larger. What did you get? 


4. Do you feel your range finder gave you an accurate answer? Explain. 


Move the dowel to a new spot. Do steps (a), (b), and (c), and fill in the space in the table for 
Position 7. Use your graph to get the distance from the dowel to corner A. 


5. Measure the distance of the dowel from corner A, using a meter stick or tape measure. How 
tar isite 


6. You now have two distances: (1) the dowel’s distance as taken from your graph and (2) the 
dowel’s distance as measured by your meter stick. Subtract the smaller of these two numbers 
from the larger. What do you get? 


7. Do you feel the range finder gave you a good measurement? Explain. 


8. What would you do to make a range finder which was more accurate than the one you have 
now? 


9. Range finders have been made which measure distances much greater than the length of a 
classroom. When might you use a range finder instead of a meter stick or tape measure? 


B. YOU CAN’T GET THERE FROM HERE 


The range finder is only one way to measure distance. Try comparing light waves from 
different distances. Hold your pencil straight up and down, touching your nose. Open your 
right eye. Close it and open your left eye. 


10. What seems to happen to the pencil as you change eyes? 


11. Hold your pencil out at arm’s length and try switching eyes again. How much change do 
you see this time? 


12. What is really moving—the pencil, the background, your eyes, or nothing? 


This effect is called parallax. You can use it to find the distances to the stars. The 
classroom will be your galaxy. 


A series of numbered, vertical lines will be drawn at one end of the room, equally spaced across 
the wall. Four targets (upright poles marked A through D) will be spaced down the center of 
the room. Target D is the closest to the vertical lines; Target A is at the other end. Two spots 
will be marked on the floor beyond Target A at the front of the room. Call them R and L. R 
stands for Right; L stands for Left. 
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Paper strip with lines and numbers 


4 sticks marked LE 


A,B,C, D 


Paper taped to floor 
marked L and R 





Measure the distance from each of the four targets to a point midway between R and L. Record 
these distances in Table No. 2. 


Stand on R. Close one eye and look at each target in turn. See which numbered line on the 
back wall is directly behind the target. In Table No. 3, write that number under the target 
letter for Position R. 

Do the same thing for Position L, and record. For each target, subtract the smaller line 
number from the larger one. Record the differences in the bottom row of Table No. 


3. These are the number of spaces each target seemed to move. 


Make a line graph to display your data. Have the target distances from Table 2 across the bot- 
tom and the parallax (the bottom row of Table 3) up the side. 


13. What was the parallax for Target A, the nearest? 

14. What was the parallax for the farthest target? 

15. Using the graph, how do you find a target.distance if you only know the parallax? 
16. If a target were right on the base line (L-R line) what would its parallax be? 
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s a lot of dollars. In one-dollar bills it 
ould fill a warehouse 30 yards long by 30 


yards wide, with a 28-foot ceiling. 


> 


Every time a space rocket is launched from 


Cape Kennedy it uses energy as fast as all 


the machines in a couple of states. 
That’s a lot of energy, and it’s not free. All of 


Astronauts returning from space know how 
far they went and why they went there. But 
not everyone knows. Not everyone is happy 
the money comes from Federal taxes. Two or 
three cents out of every tax dollar go into the 
space program, which spends five billion dol- 
lars a year. In numbers this is $5,000,000,000. 


about the space program. 
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Many people say that this money should be spent on better housing and education right here on 
the ground. Table No. 4 compares these different kinds of expenditures over the years. 


TABLE No. 4 
FEDERAL EXPENDITURES ON VARIOUS PROGRAMS IN RECENT YEARS 





Dollars in Millions 


Program 7 
rive [ree [rom [se [vss [se [ver [ 


Space Research and 


Technelony 74 2,552 4,171 5,093 5,933 5,600 5300 
All Housing Programs 136 122 67 80 104 890 890 co 
_ 
UAC le 377 866 | 1,244 | 1,339 | 1,544 | 2934 | 3304 ES 
Programs = 
Economic Opportunity i. ins ay 211 5 1,860 
Programs 


17. What was the biggest amount spent in 
1955? 









































18. What was it in 1968 ? 


Spending for housing in 1968 was about 
seven times what it had been in 1955 (7x136 
=952, which is close to 1,023). 
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19. Spending for Space Research and Tech- ne 
nology in 1968 was about how many times 
what it had been in 1955? 


U.S. Forest Service 





The picture is not all one-sided. Discoveries 
made in preparing for space travel may be of 
value to everyone. Here are some examples. 
Satellite photography helps develop crop lands 
and mineral deposits. Methods of reading 
satellite pictures teach doctors to get more 
information from X-ray pictures. Satellites 
can detect tiny fires before they become big 
forest fires. A moon-walking machine helps 
crippled children here on Earth. 





Systems for sterilizing spacecraft have been used effectively in hospitals to prevent the 
spread of infectious diseases. 


20. How do you feel about the money spent on the space program when so many things are 
hurting at home? 


D. THE MOON IS RIGHT THERE 


You have learned two ways of measuring distance. One is by viewing the unknown in relation 


to known objects in the foreground. The other is by viewing the unknown in relation to known 
objects in the background. 


21. Both ways use light waves, which are a form of what? 


CONCEPT SUMMARY. 
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Data Sheet 


A. HOW HIGH THE MOON? 








TABLE NO. 1 











ae Distance of the Dowel (from Corner A) Distance from Clip C to Corner C 
ere ol ae 
noe. ee 
Position 6 
(unknown) 
Position 7 
(unknown) 
GRAPH NO. 1 


Distance from Clip C to Corner C 
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B. YOU CAN’T GET THERE FROM HERE 
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TABLE NO. 2 
DISTANCES FROM TARGETS TO BASE LINE 








Name Date Class 





TABLE NO. 3 
PARALLAX FOR DIFFERENT TARGETS 


Difference 
L-R 





GRAPH NO. 2 
TARGET DISTANCE COMPARED TO PARALLAX 
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C. COUNTDOWNS ADD UP 
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20. 


D. THE MOON IS RIGHT THERE 


cat 
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The Stars Tell All 


To find objects in space you use the energy waves the objects give out. Energy explains our 
whole, changing world. It interacts with matter to produce rain forests and dry deserts, to 
build mountains and wear down mountains, to make valleys and canyons. 


Energy waves carry information. Light energy 

f is used to measure the distance to our sun. 
We can feel the heat energy of the sun just by 
standing outdoors on a summer day. When it 
gets too bad, we find ways to cool it. What 
about the stars, which are all ‘suns’? You 
can’t feel starlight, yet scientists think that 
the stars are hot. Why? © 





A. IT’S THE GLOW 





We are always using the word hot. A singer or 
a ball player is hot. We read hot news. We 

strike while the iron is hot. But let’s find out 
if the stars are really hot. 
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Being careful not to burn your fingers, hold a 
piece of steel wire over a burner flame. 





1. What is the first color you see as it heats 
up? 


2. What color changes do you see as you 
keep heating the wire? 





3. What does more heat in the wire seem to 
do to the color? 





| 4. Try a piece of copper wire. What do you 
es CRS 1 ee 















Black paper with 3—4 mm wide slit 5. Try a thin piece of carbon. What do you 


see? 


6. Does the color depend on the material or 
simply on how hot it gets? 





Through their telescopes astronomers can see 
that stars are of different colors. There are 
red stars, blue stars, and yellow stars. 


7. What kind of star would you expect to 
be hottest: a yellow, blue, or red one? 





B. SCIENCE IS RAINBOWS? 


More information can be squeezed out of star- 
light. But start with ordinary light. 


Cover the front of a flashlight with black 
paper held on with masking tape. Leave an 
open slit in the center of the lens about 3 or 
4 millimeters wide. Shine the light on a 
piece of white paper. 








8. What color is the light on the paper? 


Now shine the light on the paper through the 
special piece of glass called a prism. Lay the 
prism on the table. Turn the prism so you can 
look through the clear, slanted sides at the 
paper. Keep the slit on the flashlight parallel 
to the table. Let the light from the prism fall 
on the paper. 
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Grating 







9. Describe what you see on the paper. 
10. What does white light seem to be made of? 


There are other ways of studying light. One 
device is called a diffraction grating. The 
grooves in it are so small that it would take 
a microscope to see them. 


Direct your vision 


Look through your grating. Let the beam : : 
to one side of the light 


from the slit in the flashlight shine in the 
other end, slightly at an angle to the slit in 
the tube you are holding. Move and rotate 
the tube gently until you get the best effect. 





11. Describe what you see. 


So far you have been looking at solid things giving off light. Stars are made of glowing 
gases. You often look at glowing gases in the street at night. You call them neon signs. 


A glass tube full of gas will be mounted at the front of the room. The room will be darkened 
and the power to the tube turned on. Look through your grating. Remember to look to one 
side of the light. 


12. Describe what you see. 
13. What kind of gas was in that tube? 


Tubes of different gases will be connected and turned on. Observe their light through your 
grating. 


Joan Sydiow from Nancy Palmer 
+a 40% 
a . 
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14. Write down the name of each gas and describe the light patterns it makes. 


15. Are the light patterns of the gases all alike, or different? 


16. If a big blob of one of these gases was glowing out in space, how could you identify it? 


The spread of color seen with the prism and grating is called a spectrum. 


17. How was the spectrum of the flashlight different from those of the gas tubes? 





American Museum of Natural History 


A Meteorite 


C. EVERYWHERE THE SAME THING 


Astronomers find that the starlight they ana- 
lyze from all over the universe shows the 
same sets of lines we find on Earth. 


Glowing chunks of matter from space are 
flying through our skies all the time. Up in 
the atmosphere—glowing—they are called 
meteors. Any one that reaches the Earth 
without being entirely burned up is a mete- 
orite. 


18. Would you expect the light patterns of 
matter from a meteor to be the same as, or 
different from, those of Earth matter? 


19. Where in the universe do you think there might be entirely different matter from that 


on Earth? 


Astronomers know the temperatures of stars and elements that make up the stars. 


20. How did energy enable them to get this information? 


CONCEPT SUMMARY. 
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B. SCIENCE 1S RAINBOWS? 
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Investigation 12 





Turn Right for Sunshine 


By now you know a lot about the ball of 
mud and rocks you live on. 


You have learned how energy runs the 
weather machine. 


Most of the energy we have been talking 
about comes to the Earth from the sun. It 
doesn’t come in a steady flow. You found 
that when the hours of sunlight per day 
were compared from. month to month, there 
was a pattern. You also found that the 
amount of heat the Earth receives depends 
upon the angle of the sun’s rays and the 
length of time the sun shines. 


Now for the big question: what controls the 
amount and direction of sunshine? 


A. TILT! 
Look at the time exposure of the stars. 


1. How do you explain it? 





Lick Observatory 


Time Exposure of Stars at Night 


But there’s more. The Earth is not only spinning like a top; it also makes a yearly trip around 
the sun. Imagine that its path about the sun leaves a trail. And imagine that all the other planets 
also leave trails. It turns out that all the trails around the sun are about level with each other, 
as though they were all on one flat surface, called the plane of the ecliptic. (The diagram of 
this shows only the four planets nearest the sun.) Compared to this plane, the Earth’s axis is 
tilted. Not only that, the Earth’s axis always points in the same direction (toward the Pole 


Star), no matter where the Earth is in its orbit. 








eon 





Mercu ry 





Sun 
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2 points 
North Pole 


Use a ball mounted on a base. The rod it 


i 
turns on is the axis. A circle around its 
middle is the Equator. The place where the 


rod comes through the top of the ball is the 





Equator North Pole. 
=— 
{=} Rites Set the ball on your table level with a light 


straight up and down. Imagine a line that con- 
nects the poles. Note the point where the line 
crosses the Equator. Pick another point on this 
line very near the North Pole. Now give the 
ball one complete turn and observe how the 
light hits the two points you have spotted. 


; source about two feet away. Have the axis 


-~Line connecting poles  —s_s—«w 


2. How long did one point stay in the light, 
compared to the other? 


Now set the axis in the base so that it is tilted 
toward the light source. Give the ball a turn 
and watch the light on the two points. 


3. Which point stayed in the light longer? 


Set up the ball so that the axis is tilted away 
from the light and turn it again. 


4. Which point stayed in the light longer? 
5. What would happen to the length of the 
day, in one part of the world compared to 


another, if the Earth’s axis became straight 
up and down? 


B. WHEN THE DAYS DWINDLE DOWN 





You see how tipping the Earth’s axis toward 
or away from the sun affects the amount of 
daylight. But can the amount of daylight 
change throughout the year if the Earth’s axis 
always points in the same direction? Maybe 
being farther north or south has something to 
do with it. This is called latitude. It is the 
position determined by the angle between 
imaginary lines drawn through the center of 
the Earth, the Equator, and you. The angle is 
your latitude. 






Equator 






Center of Earth 
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This angle is the latitude 









Find the latitude to the nearest whole degree of your city. If no one knows it, Table No. 1 
will help you come close. Find the place nearest you for your approximate latitude. 


TABLE No. I 
APPROXIMATE LATITUDES OF SELECTED PLACES IN THE UNITED STATES 





about 48°N Seattle (Wash.); Great Falls (Mont.); Grand Forks (N.D.) 


about 45°N Traverse City (Mich.); Bangor (Maine) 








about 44°N Boise (Idaho); Rapid City (S.D.); Fond-du-Lac (Wis.); Watertown (N.Y.) 





about 40°N Reno (Nev.); Price (Utah); St. Joseph (Mo); Dayton (Ohio): Wilmington (Del.) 





about 36°N Dalhart (Tex.); Dyersburg (Tenn.); Elizabeth City (N.C.) 


a eso 
about 33°N San Diego (Cal.) 
about 31°N Douglas (Ariz.) 


about 30°N Houston (Tex.); Panama City (Fla.) 


about 28°N Corpus Christi (Tex.); Tampa (Fla.) 


about 26°N Brownsville (Tex.); Miami (Fla.) 

















6. What is your approximate latitude? 


Using a protractor, find your latitude on the ball as a spot on the line from the North Pole to 
the Equator. Mark it with chalk or light pencil. Mount the ball in a tilted position. Set it about 
two feet from the light, with the axis tilting toward the light. 185 











(Ds 


ll 
Ce, 


Position 3 


Turn the ball all the way around on its axis. Note how long your marked spot stays in the 
light. Decide if it is “half a day,” “more than half a day,” or “less than half a day.” Re- 
cord it this way in Table No. 2 on the data sheet under Position 1. 


Move the ball “4 of the way around the light, keeping the axis pointing in the same 
direction. Now the axis should no longer be pointing toward the light. Again turn the ball 
around on the axis. Note how long your latitude point stays in the light. Record this under 
Position 2. 


Move the ball another % of the way around the light. Now the axis should be pointing 
directly away from the light. Measure and record under Position 3. 


Move the ball another %4 of the way around the light. Keep the axis direction the same as in the 
three previous positions. Measure and record under Position 4 in Table No. 2. 


7. What happened to the length of the day as you traveled around the sun? 


Decide which positions represent each of the four seasons. Write your answers in the table. 


8. How much time would it take for the Earth to go from Position 1 all the way around and 
back to Position 1. 


9. Look at the ball and light again. Which of the positions would have the light most 
nearly overhead? 


10. What season would this be? 


11. If you gave the ball one turn during this season, how much time would the North Pole be 
in the light? 


12. In what position is the light least nearly overhead? 
13. What season is that? 
14. During this season, how much time does the North Pole spend in the light? 


You have spent a quick year out in space. You have recorded changes in the amount of 


sunlight your part of the Earth receives. You know what decides how much heat energy 
reaches the Earth. 


15. What does the Earth do that makes fewer hours of sunlight in December than in July? 
16. What does the Earth do that changes the angle of the sun? 
17. What does the Earth do that changes the seasons? 


CONCEPT SUMMARY. 
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A. TILT! 














B. WHEN THE DAYS DWINDLE DOWN 





TABLE NO. 2 
SEASONAL VARIATION IN AMOUNT OF DAYLIGHT 
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You have completed a series of 12 investigations. They all have one idea in common. State 
this idea in your IDEA Summary. 
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IDEA 4 SUMMARY 





Investigation 


Number Concept 














You have completed a series of investigations. They all have one idea in common. Read the 
concepts listed above. Now state the idea that combines them all. 


IDEA SUMMARY: 
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PHYSICAL SCIENCE 


Idea 5 
Technology 








Investigation 1 





You Turn Me On 


The disk jockey on the clock radio tells you 
when it’s time to roll out. 


The weather outside is miserable, but in the 
house you're still warm as you throw back 
the covers. If it’s still dark outside you turn 
on the lights. There is hot water in the 
bathroom. When you get to the kitchen you 
turn on a radio there. A flip of the switch 
puts the toaster to work. 


The phone rings. Your friend wants to 
know what the English assignment is. 





from Monkmeyer Press Phot 











It’s the start of a typical day. Look what you’ve done so far. You turned on the lights, the 
radio, and the toaster. You used the telephone. You seem to do a lot of turning things on 
and off these days. You have to be an expert in switches. 


A. PUSH THE BUTTON 


Switches aren’t found only at home. There 
are switches on the little transistor radio you 
listen to between classes. The car has an 
ignition switch. The horn works on a 
switch. A switch on the brakes turns the 
taillights on. 


All switches turn things on and off. Let’s 
find out something more about them. 


Use the alligator clips and leads to hook up 
a flashlight bulb to two batteries in your 
battery pack. The light goes on. 


1. What must you do to turn the light off? 


Use another lead with clips to connect a 
switch to the circuit. 


2. What does the switch let you do? 
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3. Are switches really necessary? Why not just twist wires together to turn the lights on at 


home? 


So far you have been the one who decides 
when a switch should go on or off, and you 
have been the one who flips it. But there 
are switches that seem to decide for them- 
selves when they should go on and off, and 
they flip themselves. 


B. BLOW HOT AND COLD 


For instance, the hot water heater turns 
itself on and off. A little box on the wall 
can take care of the heat in the house, once 
you tell it what temperature you want. A 
switch makes the toast pop up automatically 
when it’s done. Set an electric iron for 
wool, cotton, or silk, and it takes care of 
the rest. The oven will stay on 350° for a 
roast for hours. The kind of switch that 
does all these things for you automatically is 
worth knowing better. How does it work? 


Christa Armstrong from Rapho-Guillumette 








The special switch will be used in a circuit 
like you used in part A: a flashlight bulb 
and the special switch will be connected to 
two batteries in your battery pack. The 
screw on the special switch will be adjusted 
so that the light almost goes out. Then the 
screw will be warmed by breathing on it. 


4. When the screw was breathed on, what 
happened? 


5. When the screw was cooled by being 
blown on, what happened? 


6. What interacts with this type of switch to 
make it work? 


7. What is this kind of switch called? 
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C. DON’T STOP CIRCULATING 


All switches don’t work on electricity, nor 
are they all for letting electric current 
flow. Here’s one that’s different. It controls 
the flow of water between the pump and 
the radiator in your automobile. Take a 
good look at it. Find where you can make 
it open by pressing hard against the spring. 


8. What has to happen to let water flow 
through it? 





The switch will be placed in a 600 ml beaker with enough water to cover it. A thermom- 
eter will be put into the water, and a burner used to heat the water. Watch closely when 
the temperature gets to around 70°C. 


9. What happens to the switch? 
10. At what temperature does it happen? 


11. Why is there a switch like this in an auto- 
mobile cooling system? 


12. What is interacting with this switch to 
make it work? 


If switches let you decide when things run, 
or how hot or cold something should be, 
then they put you in charge of what goes on 
around you. Another word for being in 
charge is control. 


13. What do switches control? 


14. How do switches. work that you don’t 
flip yourself? 


CONCEPT SUMMARY. 
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Block that Breeze 


In the house, it is warm and comfortable. Outside, the mercury is at the bottom of the 
thermometer. If you have to go out, you need lots of extra layers of clothes. 


We put on and take off clothes so often, as 
the temperature changes, that we don’t even 
think about it. Staying warm or getting cold 
is a matter of keeping or losing energy. You 
have controlled energy with switches, but a 
heavy coat to control energy seems like a 
different proposition. What kind of action 
does it have? 


A. FROSTY FINGERS 


We wrap things to keep heat in. We also 
wrap them to keep heat out, like the special 
bag to take the ice cream home from the 
store. 


Try it with straight ice. Take two ice 
cubes. Wipe them off with a paper towel 
and weigh them _ separately. Write the 
weights in Table No. 1. 





Quickly wrap one cube inside two paper towels. Place the other cube on a paper towel, 
unwrapped. After 10 minutes, unwrap the ice cube in the towels and weigh it. Wipe the 
water off the unwrapped cube and weigh it. Record the weights. 


For each cube, subtract the second weight from the starting weight, and record as “Weight 
Lost.” Find the percent of weight loss for each cube. First divide the weight lost by the 
starting weight. Then multiply the answer by a hundred. Record your results. 


1. Which cube had the bigger percent of weight loss? 
2. What does it take to make ice melt? 
3. What did wrapping the ice cube in paper towels do? 


4. What does an ice cream bag do? 
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B. INTO THE FLAMES 


Paper is only one kind of matter. Let’s see whether other kinds of matter will interact with 
heat in the same way. 


Take a copper rod. Hold one end in a flame. 
5. What do your fingers tell you pretty soon? 
Take a glass rod and do the same experiment. 
6. What do your fingers report? 

Try the same thing with an iron rod. 

7. Which does it act like, the glass or the copper? 
Do it once more, this time with a carbon rod. 
8. Which of the others does it act like? 


9. Make a list of the four materials with the best heat carrier first and the poorest heat 
carrier last. 


10. Why is copper used in automobile radiators? 


11. Why is fiber glass used in the walls of ovens? 


12. Carbon tools are sometimes used to shape hot glass. Why not use copper or iron? 





Corning Glass Works 


13. Which material would you use to make 
a pot, if you wanted the water in the pot to 
boil in a hurry? Why? 


C. SPACE IS CROWDED 


So some substances carry heat better than 
others. If a substance carries heat well, it is 
called a conductor. Silver is the best solid 
conductor. 


14. What would a thing be called that 
doesn’t conduct heat well? 


Heat gets around in other ways. There is 
not enough matter in the space between the 
sun and the Earth to be a real conductor, 
but the heat seems to get here just the same. 


Turn on a lamp. Hold your hand about a 
foot away. 


15. What do you feel? 


Put a piece of cardboard between the lamp 
and your hand. 


16. Now what do you feel? 


Energy moving through space is called radia- 
tion. Radiation, like X-rays and gamma rays, 
is harmful. But not all radiation is harmful. 
Light, heat, and radio waves all radiate 
through space. 


17. What do dark glasses do about the sun’s 
radiation? 


D. LIGHT THE LAMP 


Along with heat and light, one of our most important forms of energy is the one you use 
from the click-on of the radio in the morning to the click-off of the TV at night. How does 
electricity fit into what you have been testing? 


Hook up the light bulb to the battery pack. Use an extra lead with clips to hook a copper 


rod into your circuit. 


Plough, Inc. 


Christa Armstrong from Rapho-Guillumette 
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18. What happens? 


Test the iron, carbon, and glass rods the same way. Move the clips around a bit to be sure 
you make good contact. 


19. What are your results? 

20. What is a rod doing when the light is on? 

21. What can you say about glass? 

22. Why are power lines often hung on glass supports? 

23. What material is used for wiring a house? 

24. What does the coating on the wires do? 

25. Compare how well copper and glass carry heat and electricity. 

26. What does this information suggest? 

Someone has to decide what material to use for each job to be done. Soft plastic may be 
all right for a juice pitcher, but hard steel makes a better knife blade. You wouldn’t make a 


hammer out of glass or window panes of copper. Whatever is used must do a certain 
job. Many of these jobs have things in common. 





27. When you place a hot frying pan on an asbestos pad, what does the pad do to energy? 
28. What does a heavy coat do to the energy of your body? 
CONCEPT SUMMARY. 
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A. FROSTY FINGERS 


TABLE NO. | 
PERCENTS OF WEIGHT LOST IN MELTING OF WRAPPED AND UNWRAPPED ICE CUBES 


Starting weight Weight Percent. 
Weight After Pe of Starting 
10 Min. Weight Lost 


Wrapped 
Ice Cube 







Unwrapped 
Ice Cube 















B. INTO THE FLAMES 
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D. LIGHT THE LAMP 


18. 





I 











20. 


Jah 


Dae 


ne eS ee ee ee 


24. 








2s 


aay 





27, ——__ 








28. 





© 1971 by Prentice-Hall, Inc. D107 
All rights reserved. 


CONCEPT SUMMARY: 


a a 


(Always record the concept summary in the IDEA Summary.) 


D108 





United States Steel 


ee tie ao. 


a 
a 


2h 


Ba Be Soe gr at et Ee 


PHYSICAL SCIENCE Idea 5 Technology 





Investigation 3 





| Made It Myself 


We control energy in many ways. Sometimes we want to keep it in and other times we 
want to keep it out. We use wires, windows, fans, clothing, fiber glass, rock wool, blankets, 
radiators, asbestos shingles, and a million other things, all to make energy either move or 
stay put. 


Johns-Manville 


A. IT’S UNDERFOOT 


What are all the things that we use made of? 


Tom Mook from Bethel 


Look around your classroom. Think about 
the things you see: the ceiling, the walls, 
the floors, the desks, the windows, and any- 
thing else you notice. 


1. List the different materials used to make 
all these things. 
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2. How many of these materials would you 
expect to find in the same form in a forest? 


Most Americans live in cities. They may 
never touch unpaved ground from one end 
of the year to the next. What do they 
touch? Investigate the stuff they walk on. 


Use a disposable aluminum pie pan. Take a 
small container as a measure. Be sure it’s 
dry. Put one measure of cement powder in 
the pan. Add 6 measures of sand mixed 
with fine gravel. Use a stick to mix it all 
together thoroughly. Bunch the mixture 
into a pile and hollow it out in the middle. 


Save-the-Redwoods League 





Half fill your measure with water. Gradually 
pour water into the middle of the sand and 
cement mixture. Use the stick to mix every- 
thing together and make it into a mor- 
tar. Go slowly with the water; don’t add 
more than you have to. Make the mortar 
mushy but not too watery. 





Scrape your mortar into a paper cup. Mark 
it with your name and let it set over- 
night. Next day tear away the paper cup 
and see what you have. 


Henry Monroe from dpi 


3. How much is it like the original sand, gravel, and powder? 


Use a nail or paper clip to test the hardness of the mortar. If necessary, let it dry another 
day. 


4. When it is good and dry, describe its properties. 

5S. How could you get back the original sand and gravel? 
6. Is mortar natural or man-made? 

7. Are the sidewalks we walk on natural or man-made? 
B. STUCK UP 


Man-made things come from many different natural materials. The cement powder you 
used was made from limestone and certain kinds of clay. Here is a substance found in living 
things. It is called urea. What you have here are pure urea crystals. Stir 3 g of urea into 20 
ml of water in a beaker. 
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8. What happens? Describe what you have. 


Rinse out the beaker. Weigh out 4 g of urea crystals and put them in the beaker. Add 25 
ml of formaldehyde and 5 ml of dilute hydrochloric acid. Stir the mixture and let it stand 
for a few minutes. 


WARNING: THESE CHEMICALS ARE POISON. HANDLE THEM WITH CARE. WASH 
YOUR HANDS WHEN YOU ARE FINISHED. 


9. What happens to the mixture in a few minutes? 
10. Hold the beaker in your hand. What do you feel? 


11. What is happening in that beaker? 


Fold a filter paper as shown below, and fit it into a funnel. Put the funnel into a clean, dry 
beaker. Slowly pour into the filter paper about a teaspoonful of your urea mixture. When 
the funnel has stopped dripping, carefully spread the filter paper out on a paper towel. 





12. Examine the stuff you have and describe its properties. 


Put 2 small, flat pieces of wood on paper towels. Pour some of your mixture in the beaker 
over one side of a piece of wood. Spread it around so that it soaks in well. Do the same 
with the other piece of wood. Then put their wet sides together, like a sandwich. Tie string 
around them or pile books on top of them to hold them together tightly. Put your mixture 
from the filter paper in the cracks between the 2 pieces of wood. Write your name on 
them and let them sit overnight. Wipe up any spilled chemicals. 

















(c) Hold the wooden sandwich 
together tightly 


(b) Put second piece of wood 
over first piece to make 
sandwich — 


(a) Pour some mixture over 





Sandwich Tape with 
your name 
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Take off the string or books. Try to separate the 2 pieces of wood. 
13. What happens? 


14. How do you think plywood is made? 


C. IT’S NOT FOR REAL 


Whether it’s paint or raincoats, crash helmets or fingernail polish, you are surrounded by 
man-made materials. You live in a man-made house. Your clothes weren’t just skinned off 
a dead deer or bear. You come to school by walking on sidewalks, not by swinging into 
school on a vine. 
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Courtesy Associated American Artists 





15. How much of the landscape on the way 
to school is in its natural state? 


United Press International Photo 


16. How much of your daily surroundings is 
natural and how much is man-made? 


17. Is everything about your man-made 
environment good? Explain. 


CONCEPT SUMMARY. 
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Investigation 4 





The Force to Move Mountains 


Man has been changing matter from one form to another since ancient times. Some of the 
more recent results of these changes are nylons, gasoline, and plastics. 





It isn’t only matter that changes its 
form. Energy does too. Things in our man- 
made world come from changing forms of 
matter, but what makes everything tick is 
energy that is changing its form. 


A. TURN IT ON 


Think about your daily activities. How 
much of your work is not straight muscle 
power but starts with a switch? Lights, 
vacuum cleaners, record players, washing 
machines, electric typewriters, mixers, 
grinders—these all start. when you throw the 
switch. But what about the power? 
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International Paper Company 


A. T. & T. Co. 


ei? 


seg f7ef 


edad 1 lettin © 


-. 
eat 


1. If you push a button and a machine 
starts working, are you supplying the energy 
that does the work? 


2. Of all the energy being used on jobs in 
the U.S., about how much do you think is 
muscle power: 50%, 20%, 1%? 


When a drill bores a hole in metal, the end 
of the drill gets hot. Mechanical energy is 
becoming heat as it does work. Let’s find 
out what happens to electricity. Turn on a 
light bulb. You can see light energy being 
produced. Put your hand near the bulb. 


3. What other form of energy do you 
notice? 


Chicago-Latrobe 


Electrical energy causes another change you 
should know about. Bring a magnet near a 
compass. 


4. What happens to the needle of the com- 
pass? 


Set up the light and battery pack. Before 
turning the light on, place a compass on the 
table. When the needle stops swinging, lay 
one of the wires to the light over the compass. 
Have it parallel to the needle, as in the 
picture. Use masking tape to hold it in place. 
Complete the circuit so the light goes on. 


5. What happens to the compass needle? 


6. Reverse the leads to the battery 
pack. What happens? 





7. If you put a coil of wire around the compass instead of one wire on top of it, what do 
you predict would happen? 


8. Try it. What happens? 


9. What are you getting from electrical energy? 
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B. SALT WATER POWER 


You take electrical energy for granted. Put 
the batteries in a flashlight and push the 
button. Snap—instant electricity. Transistor 
radios, portable tape recorders, flash attach- 
ments for cameras: all should work without 
a thought. What goes on in the batteries to 
do this? 


You have a clue. In Idea 2, Matter, you used 
electricity to break water into hydrogen and 
oxygen. Can we get electricity by bringing 
two different kinds of matter together? 


Jack Rosen - PIX 





Let’s find out. Wrap 20 feet of thin copper wire in a loop large enough for your compass 
and one of the pieces of wood to fit into. 





Put some tape around the top and bottom 
of the coil to hold it together. Make a sup- 
port for your coil by taping it to the two 
pieces of wood. Sandpaper the ends of the 
wire to remove any enamel insulation. 


Place your compass at the center of the 
coil. Rotate the wooden support until the 
compass needle points in the same direction 
as the wire in the coil. Tape down the wire 
ends to the desk. 


Make sure the compass is level. 
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Clean a copper metal strip by sandpapering it. Attach one end of your connecting wire to 
the strip and the other end to one of the wires from the compass. 


Repeat, using the other connecting wire and another copper strip. 





Fill a beaker half full of water. Watch the compass needle as you dip the ends of the 
copper strips into the water. If the compass needle moved, it means that your copper strips 
and the water must have produced electricity that moved through the wire surrounding the 
compass. 





10. Did the needle move? 


Half fill another beaker with water. Add a teaspoon of table salt and stir. Dip the copper 
strips into this. 


11. Did the needle move? 


Remove one of the copper strips and put in its place the piece of magnesium ribbon. Dip 
this and the copper strip into the first beaker (the one with pure water). 


12. Did the needle move? 
Now dip them into the beaker to which you have added salt. 
13. Did the needle move? 


14. Compare any movement. of the needle in pure and in salt water. Which produced more 
movement? 


Now for a prediction. In a minute you will dip two pieces of magnesium ribbon into the 
salt water. 


15. Do you think the needle will move when you do this? Explain. 
Go ahead and try it to test your prediction. 


Your teacher may have on hand some other metals. Try all the metals you have, to see 
which combination of metals makes the needle move the most when put into salt water. 


16. Which combination makes the needle move the most? 


17. Perhaps you can now answer a question already asked: Can we get electricity by bringing 
different kinds of matter together? 


C. ENERGY MUST ACT 


When one substance reacts with another substance, what happens is called a chemical 


change. 

You just connected wires to reacting substances. 

18. What kind of energy did the reacting substances produce? 

19. What. does the battery do in a flashlight, a transistor radio, and an automobile? 
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You use the same kind of energy at home when you plug in a toaster, turn on a washing 


machine, use the vacuum cleaner, or run slot car racers. But the electrical energy changes 
into another form. 


20. What form of energy do you get from the toaster? 


21. What form of energy do you get in slot car racers, roller coasters, and mixers in the 
kitchen? 
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22. What happened to the form of energy each time it did useful work? 


CONCEPT SUMMARY. 
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Investigation 5 





It's Done with Wires 


Electrical energy becomes motion in vacuum cleaners, washing machines, fans, and a 
thousand other things. It becomes heat or light in toasters, flashlights, hair dryers, and 
such. It becomes sound in door bells and hi-fi systems. 


Most of this electrical energy in daily use 
comes to us on wires. We know by the 
monthly bill that there is an electric com- 
pany at the other end of the wires. Where 
does the electric company get the juice? No 
one believes there are king-size batteries at 
the far end of the power lines. Power plants 
run on fuel, falling water, or nuclear 
reactors. But what, exactly, happens to 
make the electricity? 


A. TURN ON THE JUICE 


In the last investigation, metal strips in salt 
water produced electricity. This electricity 
produced the magnetism that moved the com- 
pass needle. 





1. If electricity produces magnetism, make a prediction about what magnetism might do. 


Now test your prediction. To do so, first make a magnet coil as follows: carefully wrap 
about 10 feet of thin copper wire around a test tube or some other object about 1’ times 
as big around as your bar magnet. Put masking tape around the coil to hold it to- 
gether. Sandpaper away the enamel insulation from both ends of the wire. 
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Bar magnet __ Coil 





Using electrical connecting wires, attach the ends of the magnet coil you just made to the 
ends of the compass coil you used in Investigation 4. Make sure the compass needle and 
the coil around it are placed so that both run in the same direction. 

With one hand, hold onto the magnet coil. With the other, hold onto the magnet. Now 
watch the compass needle as you slide the magnet back and forth inside the coil. Keep the 
magnet away from the compass while doing this. 

2. What does it mean if the compass needle moved? 


3. Was electricity produced when the magnet slid back and forth inside the coil? 


Reverse the process. Hold the magnet still and move the coil back and forth over the end 
of the magnet. 


4. What does the compass needle show? 
5. Did it matter whether it was the magnet coil or the magnet that moved? 
6. What does the movement of the compass needle prove? 


7. How would you find out whether you can produce enough electricity this way to light a 
flashlight bulb? 


You have discovered that moving a magnet inside a coil of wire produces electricity. By 
this method you were able to make only a weak electric current. 


8. Using the same method, what would you do to make a stronger electric current? 
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Robert Jordan from Black Star 


B. MAKE IT MORE COMPLICATED 


Electricity can produce magnetism, and magnetism can produce electricity. So far you have 
used a permanent magnet. What about the magnetism produced by electricity? Can it turn 
around and produce electricity again? 


9. What is your prediction? 


Test your prediction. Take the 6-inch spike you wrapped copper wire around in Idea 3, Investi- 
gation 2. Lightly sandpaper the ends of the wire in order to make sure you'll get good electric- 
al contact. Attach the ends of the spike wire to all four batteries in the battery pack. Test your 
electromagnet spike by seeing if it will lift up some paper clips. 


If you haven’t already done it, take the bar 
magnet out of the coil you used in part A. 
Now put the spike electromagnet into the 
empty coil. 


10. What does the compass needle show? 


Poke the spike back and forth inside the | Dy» 


empty coil. 





11. What does the compass needle show? 


12. What difference can you see between the electricity produced by a bar magnet or the 
electricity produced by an electromagnet? 


C. DON’T GET CONFUSED 


Electricity is handy when you have it where you want it. It is not so helpful when it 
doesn’t behave. Every now and then it gets out of line. 


So we have protection from runaway electricity—fuses. Let’s find out how a fuse does the 
207 
job. 





Mount 6 or more empty flashlight bulb sock- 
ets so that one terminal from each is connect- 
ed to one end of the battery pack. Clip the 
other lead to the terminal of the second 
battery. In this experiment you should use 
the juice from only two batteries. A setup 
like that shown with metal rulers works well, 
but there are lots of different ways to do it. 
You may know that this is called parallel 
wiring. Put a one-amp fuse into the circuit 
between a clip lead and a battery pack 
terminal. 


13. Now screw one bulb into a socket. What 
happens? 





14. Keep putting more bulbs in, one at a time slowly. What finally happens? 

15. With which number bulb did it happen? 

16. Why do you think it happened? 

17. What can happen in more powerful circuits if there is no fuse? 

18. What can happen if you connect too many extensions to one outlet at home? 


19. What could happen if you use a fuse of the wrong size in your home fuse box? 


D. NOTHING IS FOR FREE 


You have been producing electricity with coils and magnets. Bar magnets and electro- 
magnets will both do the job. 


20. What did you have to do with the magnet inside the coil to produce a current? 
21. What does it take to make anything move? 
22. What has occurred when you put in mechanical energy and get out electrical energy? 


23. What do the steam, falling water, and nuclear plants all supply to the generator to 
produce electrical energy? 


24. What is interesting about electricity and magnetism, in a way like chickens and eggs? 


CONCEPT SUMMARY. 
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Investigation 6 





Motors Turn You On 


Electrical energy is used for heat and light, but it goes deeper than that. Our whole 
man-made world runs on electricity. Whether it’s doorbells or drill presses, telephones or 
television, electricity is what makes it go. If the electricity goes off, everything stops dead, 
electric motors as well as electric lights. And this brings up more questions. We know that 
electricity makes light by heating a thin wire so hot that it glows. But how does electricity 
run a motor? 


Wide World Photos 





What the 1965 Blackout Did to New York City 
A. COMING OR GOING? 


Force is a push or a pull. Work is done when something is pushed or pulled over a 
distance. Does the pushing or pulling have to move something in a straight line, or can it go 
round and round? To find an answer to this question, let’s try working with magnets. 


Team up with another group so that you have two bar magnets to work with. Place one of the 
two magnets and the compass on the desk about 2 feet apart so that the magnet and compass 


needle are at right angles. 


Pe i ees 
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Move the magnet in toward the compass until they are about 6 inches apart. 
1. Which way did the compass needle move, clockwise or counterclockwise? 


Put the magnet 2 feet away again. Now turn it around so its other end is in toward the 
compass. Again move the magnet toward the compass until they are about 6 inches apart. 


2. Which way did the needle move, clockwise or counterwise? 

Mark the end that made the needle turn clockwise by putting some masking tape on it. 
Remove the magnet and repeat what you just -did, using the other magnet. Put masking 
tape on the end that makes the needle move clockwise, just as you did with the first 


magnet. 


The ends of magnets are called poles. Each magnet should now have a marked pole and an 
unmarked pole. 


Lay the magnets on the desk, the marked pole of one magnet next to the marked pole of 
the other, about 3 inches apart. 


4-3 inches— 
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Gradually move one magnet toward the other. 
3. What happens? 


This time place them so that the unmarked pole of one magnet is 3 inches from the 
unmarked pole of the other. Gradually move one magnet toward the other. 


4. What happens? 


Finally, place them so that the marked pole of one magnet is 3 inches from the unmarked 
pole of the other. Gradually bring them together. 


5. What happens? 
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Think back to Idea 2, Investigation 10, in which you rubbed two different types of plastic 
with cotton and wool cloth. When you did this experiment, you were able to sum up your 
observations by saying “Like charges repel; unlike charges attract.” 


6. What saying can you think of now that would sum up your observations about the way 
magnetic poles work? 


Will magnetism from electricity behave the same way? Only one bar magnet is needed for this, 
so you can work in separate teams. Take the spike electromagnet you used in the last investiga- 
tion. Balance it very delicately on top of an ordinary wooden pencil. Put your bar magnet on 
the table with its marked pole about 3 inches away from the head of the electromagnet. 
Connect the wires from the electromagnet to the four-battery power. Gradually move the bar 
magnet toward the electromagnet until the electromagnet starts to move. When you are 
finished, disconnect the battery. 





7. Which way did it move, toward the bar magnet, or away from it? 
8. Is the head of the electromagnet like the marked or unmarked poles? 


Turn the bar magnet around so that its marked pole is gradually brought toward the 


electromagnet. 
9. Do you think the electromagnet will move toward the bar magnet or away from it? 
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10. Go ahead and try it. Did you make a correct prediction? 


Place the bar magnet so that the electromagnet is attracted toward the bar magnet as it is 
gradually brought near. 


In a moment you will reverse your electromagnet wires, so that the wire now going to the 
front of the battery will be going to the back, and vice versa. 


11. Do you predict that the electromagnet will still be attracted toward the bar magnet or 
will it be repelled away from it? 


12. Test your prediction by reversing the wires. Did you make a correct prediction? 


13. Suppose you had two electromagnets, instead of one electromagnet and one bar 
magnet. Do you think you could get them to attract and repel each other? Explain. 


If you have time, you may be able to team up with another group and experiment with 
two electromagnets. 


B. AROUND SHE GOES 

Straight pushes and pulls turn the heat on and off in electric stoves. They ring doorbells, 
turn stop lights, and do many more useful jobs. But for running electric drills, buzz saws, 
and electric cake mixers, we need force that will make things go around and around. We 


need a motor. 


Using some simple equipment, we can make our own motor. It will have three main parts: 
a switch, a bar magnet, and an electromagnet. 


We'll make the switch from two paper clips. 


Bend one paper clip this way 





Bend Bend ends up 






Bend the other paper clip this way Sandpaper each paper clip. Bring the two 


paper clips together 








Connect battery wires to each clip, and tape 
them down to the desk with masking tape, 
as shown. 


You'll see how this switch works in a min- 
ute. Now hook up your bar magnet, as fol- 
lows: 


Take a look at the picture first. From card- 
board (manila folder cardboard works well) 
cut two circles. One should just fit into 
your beaker, and the other should be a little 
wider than the top of the beaker. 


Cut holes in the center of each circle just a 
little larger than the size of your test tube. 


ieee ssmalier- circle.<cut tabs, as 
shown. Bend these down on the smaller 
circle to keep it about % inch from the 
bottom of the beaker. 


Tape the wider circle to the top of the 
beaker, so that the test tube will stand up as 
nearly straight as possible. 















Smaller circle 





Bar magnet 





1/2 inch 





QC 










Manila folder 
cardboard 








Bend tabs down 
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Put the test tube with the magnet on it in the beaker, and see if it will turn easily. If it does 
not, be sure the holes in the two pieces of cardboard are lined up. See if the holes are big 
enough but not too big. Fasten the electromagnet at the same height as the bar magnet. 






vt Lee. 
Dy) wy 


The beaker containing the bar magnet 
should be placed so there is about % inch 
separation between the two when the bar 
magnet swings past the electromagnet. 


Turn the bar magnet so that neither end is 
near the end of the electromagnet. Hold the 
ends of the wire from the electromagnet to 
the switch as in Position 1 for about 2 or 3 
seconds. 


14. What happened? 


Repeat what you just did to make sure you 
see what is happening. 
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Turn the bar magnet again so that its ends are the same as before (away from the 
electromagnet). This time hold the electromagnet wires to the switch as in Position 2. 


15. What happened? 


By changing the electromagnet wires back and forth between Positions 1 and 2, see if you 
can get your bar magnet to go around in a circle several times without stopping. It takes a 
little practice to get the right timing. 










2 
CW(( Alig CCUG K 





Za 





16. Suppose you placed another electromag- 
net on the other side of the bar mag- 
net. What effect would this have on the way 
your motor ran? 


If you have time, your teacher may have 
you team up with another group and try 
this. 


17. The electric motor you just made is not 
very strong. In what ways do you suppose 
strong electric motors (like those which run 
trains) are different from weak ones? 
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D. BACK TO WORK 


C. DOES ELECTRICITY SMELL? 


Before long, it is possible that most people 
will be driving cars that run on batteries 
rather than on gasoline. So far they don’t 
run as well as cars that run on gasoline, but 
scientists are working on it. Electric cars do 
have one tremendous advantage for people 
who like to breathe. 


18. What do you think that advantage is? 


19. About what percent of the air pollution 
in our cities do you think comes from 
motor vehicles that run on gasoline or diesel 
oil: 10%, 30%, 50%, 70%? 


20. What will happen to people if something 
is not done to stop air pollution? 


21. Even if there were no air pollution 
problem, there are advantages to finding 
power sources other than gasoline and diesel 
oil. Can you think of any of these advan- 
tages? 


22. Can you think of any other power 
sources, besides electricity and gas and oil, 
that can be used to run cars, boats, and 
planes? 


Remember the scientist’s definition of work? Work is done when a force pushes or pulls 


something over a distance. 


23. What part of the definition is supplied by the interaction between electricity and 


magnetism? 


24. What part of the definition is supplied by the turning bar magnet? 


25. What is useful about the interaction of electricity and magnetism? 


CONCEPT SUMMARY. 
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D. BACK TO WORK 
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PHYSICAL SCIENCE Idea 5 Technology 





Investigation 7 





You Get It Here and Leave It There 


A popular car in the U.S. is the Volkswagen, made in Germany. How do all the Volks- 
wagens get here? 


Volkswagen 






The cotton in your clothes most likely came 
from a southern state or California. And no 
matter where in this country you shop, you 
will find wheat from Kansas, beef from 
Texas, maple syrup from Vermont, and 
oranges from Florida. How did all these 
good things get to the shelves of your local 
supermarket? 


Florida Photo 


A. ALL ABOARD! 


What we are talking about is transporta- 
tion. There isn’t time to investigate all the 
details of transportation, but the basic ideas 
are simple: something that moves and a 
power source to move it. There are special 
problems with water and air _ transporta- 
tion. Let’s look at ships first. 


Most ships are made of steel. A lump of 
steel won’t float. You know that gravity 
pulls down, but what happens in water to 
hold up a 200,000 ton ship? 


Cunard 
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You'll be given several objects. For each object make Measurements 1, 2, 3, and 4 as pictured 


below. Write all your measurements in Table No. 1 on your data sheet. 
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When you have made measurements for all your objects, then make two calculations. 


First, find the change in weight when an object is weighed in water by subtracting 
Measurement 3 from Measurement 1. Write this in the table. 


Second, find the amount of water the object pushed aside by subtracting Measurement 2 
from Measurement 4. Write this in the table. 


Look at your table. It has the answers to the next few questions. It also has the answer to 
why ships float. 


1. Do objects gain weight or lose weight in water? 


Look at the two calculations. Remember, one is the change in weight. The other is the 
amount of water the object pushed aside. 


2. How do these numbers compare? 


As you may remember from earlier work, 
one ml of water weighs one gram. 


3. When an object pushes aside a gram of 
water, what does the water do to the 
object? 


4. With how much force does water push up 
on something that floats? 


5. How can you make water push up on a 
piece of steel with enough force to make it 
float? 





There is a special name for the force that 
pushes up on objects in water. It is called 
the buoyant force. 


B. UP, UP, AND AWAY! 


The buoyant force keeps a boat afloat. The 
ground keeps cars from falling. But what 
keeps airplanes and kites in the air? 


Set a Ping-Pong ball in a funnel. Blow 
through the stem of the funnel to get it out. 


6. What happens? 


Hold the funnel upside down. Hold the ball 
up in the funnel. Take a deep breath. Start 
blowing and let go of the ball. 
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7. What happens? 
8. What happens when you stop blowing? 


Cut a piece of manila folder cardboard so 
that it fits into your paper cup. It should be 
a loose fit so that there is about % inch 
space between its edges and the walls of the 
cup. 


Tape the end of the cardboard to a piece of 
wire or a straightened paper clip. 





Set it into the paper cup so that only the paper clip is touching any part of the cup. 


Make a hole in one side of the bottom of the cup about the size of the thickness of a 
pencil (about % inch). 


Cover the hole with masking tape, but leave one end of the tape loose so you can remove 
the tape easily. 


The cardboard divides the cup into two sides. Let the cardboard hang so the hole is centered 
on one side of the cardboard. 


In a moment you will fill the cup with water and will pull the tape away so the water 
drains out. 


9. When the water runs out the hole, what do you expect the piece of manila cardboard 
will do? 


Go ahead and try it, but make sure you’re holding the cup over something to catch the 
water. Also make sure that the cardboard is hanging so the hole is in the middle of one 
side. 


10. What happened to the cardboard as the water ran out of the cup? 


11. Before you opened the hole, how did the water pressure (the push of the water) on 
one side of the cardboard compare with the water pressure on the other side? 


12. After you opened the hole, how did the water pressure on the side having the hole 
compare with the water pressure on the other side? 


Even though we can’t see air, it works a lot like water. It has pressure, too. We are most 
aware of the pressure of the air when we are out in a strong wind. But usually we don’t 
notice it, even though it’s all around us. 
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Hold a piece of paper by one end to your 
lower lip so it goes straight out and then 
hangs down. Blow gently straight outward. 


13. What happened? 


14. Where was the air pressure greater: on 
the top of the paper or on the bottom? 


1S. When you were blowing straight out- 
ward, where was the air moving faster: along 
the underside of the paper, or along the top 
side of the paper? 


Hold a piece of paper by one end so it 
hangs straight down. 


16. Make a prediction. If you blow on the 
paper downward from above, as shown in 
picture (a), do you think the paper will move 
toward you or away from you? 


17. Try it. What happened? 


Now try something just a little bit differ- 


ent. What do you think will happen if this 


time you blow straight downward as shown 
in picture (b)? Notice that all your breath 
will go alongside the paper. None of your 
breath will actually hit the paper. 


18. Make a guess. Will the paper move in 
Direction L or in Direction R? 


Now see what actually happens by holding 
the paper straight down from your eye- 
brows. Remember to blow straight down 
alongside the paper, but not on it. 


19. What direction did the paper move, in 
Direction L or in Direction R? 


20. Was the air pressure pushing harder 
against the paper on the side you blew 
along, or on the other side? 





(a) (b) 





Direction R ————————_> 







4 Direction L 
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21. Is air pressure pushing harder along the 
side where air is moving faster, or along the 
side where air is moving slower? 


Now you can test yourself to see how well 
you understand air pressure. Hold two 
pieces of paper by their ends about one inch 
apart. 


22. If you blow straight down between the 
two, where will the air be moving faster, on 
the inside of the two pieces of paper or on 
the outside of the two pieces of paper? 


23. Prediction: If you blow straight down 
between the two, will they move together or 
apart? 





24. Try it. What happened? 


_Let’s get back to airplanes. Here is the outline of the shape of a typical airplane wing. As 
the wing moves, air passes above and below it. 





25. Air sweeping by the wing of a plane can go along the top of the wing or along the 
bottom of the wing. Which path is the longer path? 


26. It takes the same length of time for air to move along the top of the wing as it does to 
move along the bottom. Where does it move faster then, along the top of the wing or along 
the bottom of the wing? 
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27. Where: is the air pressure greater, on the top or the bottom of the wing? 


28. What holds an airplane up? 


C. IT’S THE STOP AT THE END 


Moving around causes problems. Take the automobile. Every year, besides polluting the air, 
cars kill 50,000 people in the United States. Is it just going fast that does the killing? 


Of course not. Lots of people have gone 600 miles per hour in jet planes without getting 
hurt in the least bit. Maybe we should look at the stopping, not the going. 


Stand the metal cylinder on its end on your 
truck. Give the truck a quick push to start 
it. 


29. What happened to the cylinder? 


Tie some string to the truck. Tie the other 
end to a table or desk leg. Put the cylinder 
on end on the truck. Get the truck moving, 
but hold the cylinder so it doesn’t fall over 
while you’re getting the truck going. 


The truck will stop when the string becomes 
straight. 


30. What happened to the cylinder when 
the truck stopped? 


Syd Greenberg from dpi 


31. Why wear a seat belt? 


Resting objects tend to stand still unless a 
force gives them the push or pull that will 
start them moving. Moving objects tend to 
continue moving unless a force slows them 
down. This tendency for objects to continue 
standing still or to continue moving is called 
inertia. 


32. Safety engineers must understand 
inertia. Why should car drivers know about 
it? 
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D. SOMEHOW WE GET THERE 

Cars, planes, and ships all turn energy into motion, but it takes more than just a big engine. 
33. To get a steel ship to float, what must the ship do with the water? 

34. To get a plane to fly, what must the wing do with the air? 


Once again we are talking about interactions. Floating ships are solids interacting with 
liquids. Flying airplanes are solids interacting with gases. 


Solids, liquids, and gases are the three states of matter. 
35. What do we have to understand to make transportation work? 


CONCEPT SUMMARY. 
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A. ALL ABOARD! 


TABLE NO. 1 
THE BUOYANT FORCE 


Object Number a 
ome 


Measurement No. 1 
Weight in Air 




















Measurement No. 3 
Weight in Water 


ELLs eee a 
Weight-Change 
[oi SoS eee 


Measurement No. 4 
Water Level 
Object in Water 














Measurement No. 2 
Water Level 
Before Lowering Object 


Vol. of Water 
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C.1T’S THE STOP AT THE END 
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PHYSICAL SCIENCE Idea 5 Technology 





Investigation 8 





Making the Big Sound 


Now that the job of moving things from place to place has been taken care of, another 
problem has to be solved. Whether it’s a truckload of new hardtops or seamless nylons, 
people have to know when a load is on its way. The warehouse manager has to make room 
and assign space to the order. The advertising department has to know so they can organize 
a sales campaign. The salesmen have to be ready. Finally, the public has to know or they 
won’t turn out to look and buy. 


leew 0 $e we me 






Lew Merrim from Monkmeyer Press Photo Service 


How do they all find out? The word is communication. Communication means talking, 
letters, and carrier pigeons. It also means telegraph, telephone, radio, and television—all 
powered by electricity. Start with the simplest—telegraph messages. 


A. CLICKETY CLICK 


S.F.B. Morse tapped out the first telegraph communication in 1844 in Morse Code. There 
have been lots of improvements since, but the main idea is still the same. 
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Fasten the spike electromagnet you used in 
Investigation 6 on the block of wood with 
masking tape. The head of the spike should 


Qi, | stick out over the end of the block of wood 


( { (GC 
LY a short distance. 
: a Put a rubber band around the edge of the 
block. Fasten the rubber band to the end of 
the block with masking tape. 


Insert the iron strip and the piece of rubber 
band, as shown. 








Wood block Iron strip 





Open the switch, if it is not already open. Connect it and four-battery power to the 
electromagnet, as shown. 


Adjust the iron strip and the piece of rubber band so that the iron strip will hit the head of 
the nail when the switch is closed, and so it will fall back when the switch is opened. 


1. Why does the iron strip (called the sounder) move to the head of the nail when you 
close the switch? 


2. Why does the sounder spring away when you open the switch? 
3. Suppose you have the switch in your house and your friend has the sounder in his 
house. What would the two of you have to agree on before you could send a message to 


him? 
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Connect your system with the next table so 
you can send to them and they can send to 
you. Use the blank space on the data sheet 
to draw a diagram of how to do it. Use 
labeled boxes for the parts and lines for 
wires. See the example of a labeled block 
diagram for a setup like the one you just 
used. 


4. Why can’t both tables send messages at 
the same time? 


5. What does electricity produce that makes 
these clickers possible? 


B. WHO EVER HEARD AN ELECTRON? 


What do you do when you turn on a 
radio? You listen. You listened to the 
sounder in the telegraph system. You listen 
to a tape deck. You listen to a record 
player. You listen to a telephone. 


All of these sound-producers run on electri- 
city. But you can’t hear electricity. This 
means they all change electrical energy to 
something else—sound. How? 





The clicks from your sounder provide one clue. Another comes from the bar magnet that you 
got spinning around in Investigation 6. Remember when you alternated the magnetic field of 
the coil by switching back and forth between Positions 1 and 2? Now use electricity that is 
already changing direction 120 times a second. The metal box you will use to do this is a 
transformer. It cuts the voltage down enough to keep you safe. 


Assemble your equipment as shown. Tape the coil to the center of the paper on the 
hoop. Connect the coil wires to the transformer, but don’t plug it in until all is 
ready. When all connections have been made, plug the transformer into the electric 
outlet. Move the end of a bar magnet slowly in and out of the coil so that it almost 
touches the paper. Do this until you hear something. VM | 






Hoop with paper stretched over it 










Coil taped to paper 


Bar magnet 


Transformer 


6. What do you hear? 


7. What have you made with coil, paper 
sheet, magnet, and transformer? 





Woofer 





8. What interaction makes it work? 


C. CUT IT DOWN TO SIZE 


Tweeter 





The setup you just made is not very 
portable. You know that speakers come in 
larger sizes and smaller sizes. There are the 
big boomers on the amplifiers that guitar 
players use. There are tiny speakers in your 
transistor radio. Transistor radios can also 
be equipped with earphones. See how this is 
related to the speaker you made. Touch the 
wires from the earphone to a battery. 


9. What happens? 


Try hooking up the earphone to the trans- 
former. Sound familiar? 


The R. T. Bozak Mfg. Co 


10. What do you hear? 
The earphone gives the same results as your homemade speaker. What is inside that does 
the work? Unscrew the cap with the hole in the center. The thin disk of steel underneath 
is called the diaphragm. Take it off carefully so that you don’t bend it. 

11. What holds the diaphragm on? 

12. What is inside the earphone? 

13. What does an electric current produce when it flows through coils of wire? 


14. What interaction makes an earphone work? 


15. The telegraph sounder, the speaker, and the earphone all operate on electric cur- 
rent. What does electric current produce in all of them? 


16. What two things interact to convert electrical energy to sound? 


CONCEPT SUMMARY. 


228 Idea 5: Make the Big Sound/Investigation 8 © 1971 by Prentice-Hall, Inc. 
All rights reserved. 


Physical Science Idea 5 
Technology 
Investigation 8 


Name 






Date Class 





Data Sheet 


A. CLICKETY CLICK 
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B. WHO EVER HEARD AN ELECTRON? 


C. CUT IT DOWN TO SIZE 
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Sorry, Wrong Number 


Patterns of electrical current can be changed into sound. Whether it’s the tiny earphone on 
your transistor radio or the big multiple speakers on a fancy hi-fi system, electricity and 
magnetism are always on the job. We know how the sound comes out of the electrical 
equipment. How does it get in? 


A. SOUND YOUR NOTE 


Start with sound itself. You know that it is a kind of wave traveling through the air to 
reach your ears, but just what is happening? 


Hold one end of a springy ruler on the edge of the table. Let about 12 cm of it stick out 
over the edge. Hold it firmly at the edge of the table. Pull the end down a little and let it 
go. 

1. What do you hear? 


2. What did the ruler do to produce this _ 
sound? 


Shorten slightly the amount of ruler sticking 
out and twang it again. 


3. What do you hear that is different from 
before? 


4. Is the ruler moving faster or slower? 


Shorten the ruler still more and flip the end 
again. 


5. How does this sound compare with the 
others? 


6. How does the speed of the ruler this time 
compare with the other two times? 
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Not many musicians play rulers, but there 
are a lot who play guitars, violins, cellos, 
and basses. All of these instruments have 
strings. 


You can show how strings work with a 
simple setup. Put a rubber band around a 
book. Slip a pen or pencil under the rubber 
band and center it. Pluck the rubber band 
on either side of the pencil. 


7. How do the two sounds compare? 
Move the pencil toward one end. Compare 
the sound on the short side with the sound 


on the long side. 


8. Which gives the higher note? 


Sybil Shackman from Monkmeyer Press Photo Service 





9. Which is moving faster? 


10. What do you call what the rubber band is doing when it’s moving back and 
forth? Hint: It starts with a V. 


11. What do you think the air does when it carries sound? 
12. What do you think your eardrum does when it picks up sound? 


13. If patterns of sound are going to be changed to patterns of electrical current, what 
must the electrical current do? 


B. MY RESISTANCE IS LOW 


Now that the music lesson is over, back to electricity. In Investigation 5, you connected more 
and more flashlight bulbs in parallel until the fuse wire melted. Now you will connect them in 
a different way—in series. As you will find out soon, bulbs in series act differently than bulbs 
in parallel. 


Now connect your four bulbs in series as shown in the picture. 


Rotate the compass stand so that the needle and the wire of the coil run in the same 
direction. 


Now turn only the compass so that the needle is pointing to zero. 


With your finger, tap the compass gently to make sure the needle is really pointing to zero 
and is not just stuck there. Turn it some more to get it to zero, if you have to. 
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Point C = POINT A. 
Point D Point B 





With masking tape, tape the compass coil wires down to the desk. 


Connect together the battery pack (at two-battery power), the compass coil, and the bulbs 
as shown. 


Hook up the alligator clip to point A, and watch the compass needle. You want the needle 
end that was pointing to zero to swing to the right. If it swung to the left instead, reverse 
the connections to the battery. 


With the alligator clip connected to point A, wait until the needle stops moving. Tap the 
compass gently. 


14. The amount the needle moves depends upon how much electricity passed through the 
four bulbs. At what number is the needle pointing? 


15. Now connect the alligator clip to point B to see how much electricity is passing 
through three bulbs. At what number does the needle now point? 


16. Connect to point C for two bulbs. At what number does the needle now point? 
17. Repeat for point D. At what number does the needle now point? 


The more electricity that goes through a bulb, the brighter it burns. Also, a greater amount 
of electricity will push the compass needle farther from zero. 


18. What happened to the amount of electricity as you went from four bulbs to one bulb? 


19. As the number of bulbs increases, what happens to the amount of electricity? 
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All substances (for example, glass, carbon, copper) have something called resistance. In a series 
connection, when there is too much resistance, not enough current gets through for electrical 
gadgets to work right. When there is too little resistance, things may get too hot and burn up. 


20. Does adding more bulbs increase or decrease the resistance in the circuit? 


21. As the resistance increases, what does the current do? 
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22. As resistance decreases, what does the 
current do? 


C. SQUEEZE ME GENTLY 


This investigation started with ideas about 
sound. Then it switched to resistance in 
electric circuits. The last step concerns the 
element carbon and how it carries elec- 
tricity. 


Unbend and clip 2 paper clips inside a 50 ml 
plastic beaker. Fill the beaker half full of 
carbon particles. Hook the tops of the paper 
clips to a battery pack, at four batteries, 
with one flashlight bulb in the cir- 
cuit. Squeeze the beaker and watch the 
bulb. 
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_ 23. What happens? 
24. Stop squeezing. What happens? 


25. How does the amount of electricity going through the bulb change when you press on 
the carbon particles? 


26. How does the resistance of the carbon particles change when you press on them? 

Try squeezing and letting go several times as fast as you can. 

27. What happens? 

28. What would happen if you could squeeze and let go 100 or 1000 times per second? 

D. VIBRATE A COFFEE CUP LID? 

You have just proved three things. First: vibrating objects produce sound. Second: resist- 


ance in an electric circuit controls the current. Third: pressure on carbon particles changes 
their resistance. We will use what we just learned to make an interesting gadget. 


Sandpaper carefully the metal cap, B, inside 
and out, and the bolt on the lid, F. 


Put the insulator, A, into the metal cap, B. 
Push the metal cap, B, gently down through 


the hole in the bottom of the plastic dish, 
(Ge 


Push the rubber washer, D, up over the end 
of the cap, B. 
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Slide one end of a connecting wire (without any alligator clips on it) under the rubber 
washer, D. 


Half fill the insulator in cap B with carbon particles. Push any carbon particles that 
happened to fall on the edge of the insulator down into the insulator. 


Twist a thin sandpapered wire, about 8” long, several times around the bolt on the plastic 
coffee cup lid. 


Put the coffee cup lid into the plastic dish so that the head of the bolt goes into the 
insulator and rests on the carbon particles. 


The plastic dish, C, should rest on something so that it sits level (on books, or on the top 
of a beaker). 


Connect earphones and the coffee cup lid to four batteries as shown. 
The electricity goes from one end of the battery through the wire to the top of the bolt. 
29. It then passes down the bolt to what material? 
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After passing through the material you gave as your answer to the last question, it passes 
through the wire to the earphone. 


30. After passing through the earphone, it goes through a wire back to what? 


31. What will happen to the amount of electricity passing around this circuit if you push 
down gently on the coffee cup lid? Explain. 


32. What will happen when the current through the earphone changes? 


33. Put the earphone to your ear and push down lightly on the coffee cup lid. What 
happens? 


34. Blow directly down on the top of your 
coffee cup lid. Do you hear anything? 


If you don’t hear anything, try adding or 
taking away a few carbon particles and 
screwing the bolt up or down a little. 


When blowing on the lid produces sound in 
the earphone, try this: have one team mem- 
ber take the earphone away from the micro- 
phone as far as the length of wire will 
allow. He should hold the earphone to his 
ear with one hand. With the other hand he 
should cover up his other ear. 


The other team member should talk into the 
microphone from directly above it. 





After you are able to get your microphone working well, team up with another group and 
make an intercom system. You may want to use more than four batteries for this. 


An intercom system 


ee Team No. 1 a : ee - Team No. 2 — 






Batteries 
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E. DON’T CALL ME, I’LL CALL YOU 

You started by vibrating the end of a ruler and finished with a communications system. 
35. How far can you make the sound of your voice carry by shouting? 

36. How far can you make it carry over a regular telephone? 

37. What form does sound take in the telephone line? 

38. How does the microphone make the telephone possible? 


CONCEPT SUMMARY. 
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PHYSICAL SCIENCE Idea 5 Technology 





Investigation 10 





It's Not for Real 


Man has long been able to send messages over distances by using the interaction of matter 

and energy. In the past, the person receiving these messages usually had to decode 

them. You have seen how sounds are sent and received directly today, using modern 

electronics. But what about pictures? We know they are sent over long distances, too; but 
: how? 


A. BOXES, LITTLE BOXES 


If someone told you the picture on the 
screen isn’t really moving, would you believe 
him? You see motion in the picture on the 
TV screen and in the picture on the movie 
screen, don’t you? 


1. Look at the picture of a piece of movie 
film. What do you see? 


2. Compare sections of the film. Choose 
two parts that are at opposite ends. De- 
scribe any differences you can see. 


Each (Separate picture is” ealled “a 
frame. Look at the film frame by frame. 


~ 


3. How much change can you see from one 
frame to the next? 


a a a i iy 


4. Is something really moving on _ the 
screen? What do you think? 


B. LET’S FLIP 


What is really moving? How well do you 
trust your eyes? If you hold film up to the 
light and pull it past your eyes, all you will 
get is a blur. Let’s try something else. 
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C. FOLLOW THE BLINKING BULB 


Take your little book and flip through the 
pages quickly. Watch the drawings as you 
do so. Do it until you find the best flipping 
speed. 


Nn 


. What seems to be happening? 
6. What is really moving? 


7. Why does it look as though the picture is 
moving? 


8. How does this apply to motion pictures? 


9. How do you think it applies to tele- 
vision? 


The pictures seem to move, but do they? You see samples of this all the time. Think of a 
flashing sign over a theater or on a store front. The light seems to move along the 
sign. When you look closely, there is just a row of light bulbs. 


Connect four or more light bulbs to the battery pack in some way like that shown here. Wire 
them so that each light is independent of the rest. Arrange the lights close together in a row. 
They should be just one or two cm apart. Take the free lead from the battery pack and run it 
along the second contacts to the bulbs so that the bulbs flash on and off in turn. Start doing 
this slowly, then speed it up until all the lights go on and off in less than one second. 
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10. What does the light spot appear to do as 
you speed up? 


11. How does this compare with the flip 
cards in part B? 


wer gs 


12. What do flip cards and blinking lights 
seem to tell about the motion in movies and 
television? 
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D. | KEEP SEEING SPOTS 


Things are not always what they seem. The 
pictures you thought were moving are 
turning out to be a fast series of stills. Your 
head does the rest. How are these still pic- 
tures formed? 





13. Take a photograph clipped from a newspaper. Look at it from about 3 or 4 feet 
away. What do you see? 


14. Bring the picture up close and look at it through a magnifying glass. What do you see? 
15. What do you see when you come very close to the front of a TV screen? 


16. How do you think TV pictures are formed? 


E. IT’S ALL IN CODE 


The newspaper picture is a group of black and white spots. The television picture is a 
bunch of light and dark spots. You can see the ink on a piece of paper, but how does TV 
do it? 

Part of TV is like any radio system. There is a transmitter to produce magnetic waves and a 
receiver to pick them up. This takes care of the sound. The picture is more compli- 


cated. The light and dark signals are carried like loud and soft signals, but where do they 
go? It takes some tricky timing. 


Look at the Picture Grid on your data sheet. Notice that each square lines up with a 
number at the top of the grid and a letter at the side. 


17. How would you find square H17, for instance? 
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Using black and gray, fill in the grid as follows: 
BLACK 

C85CO ClO. Chita ata 4 

D7, D8,;D9,D10/ D111, D12/D13; D14 

E6, E7, E8, E9, E10, Ell, E12, E13, E14, E15 

FS, PO, FIRES SPO Pio RM Pl?) P13 k140r15 

G4, G5, G6, G7, G8, G9, G10, G11, G12, CA ALCHE:) CES By 

H4, HS, H6, H7, H15, H16 

1415, 16, (719s Sei sen Gg 

JS5 5 J 7 ase 

K4, K5, K15, K16 

| ree 0S bs) 

MS, M6, M11, M12, M15 

N6 

R77 REERIORIOSR TI Rigas 

57, 58,-89> S10, S112 S128S13 


TS, 16, TI,.18.409, (TAO, Te rien 2: TigsT is, 716 


GRAY 
Ja 
J6,J11 
KG, K7, KS K172k19 
L6, L7, L8 


M7, M8, M9 
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N7, N8, N9 

06, 07, 08, O09, O10 

Papo whos PlOsP td. P12 

08208; 09,010 
18. Could you recognize the picture by just looking at the numbered letters? 
19. What is it a picture of? 
20. Is the picture better from up close or back a few feet? 
21. Is your TV picture at home clearer from up close or back a few feet? 
22. What improvements would give a better message picture in the lab? 


23. If this were TV, what do you think would change in the next picture? 
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F. IT’S ALL IN YOUR HEAD 


This is how pictures are sent long distances. Close-up photographs of Mars and Venus are sent 
back from unmanned rockets in this way also. They are broken down into bits of information. 
Each bit is a light or a dark spot on the screen. Then, by careful timing in your TV, each light 
or dark spot is sent to just the right spot on the screen. It happens one picture at a time, 30 
pictures a second. But making the light and dark spots move across the screen does not take 
place on your TV screen. 


24. Where does it take place? 

The ability to send picture information depends upon understanding many things. One is 
how light interacts with the eyes and the brain. The eyes and the brain are made of 
matter. Light is a form of energy. 

25. What interaction are we back to again? 


26. What understanding lets us send pictures through space? 


CONCEPT SUMMARY. 
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D. | KEEP SEEING SPOTS 
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Investigation 1] 





You Have to Stay Sharp 


Whether it was hungry animals or poisonous plants, ancient man had to stay on his toes all 
the time. If he didn’t look out for danger, he was killed. 







Pei 


Courtesy of the American Museum of Natural History 
5 ACRES . - awe 





You don’t go down the street watching out 
for tigers any more. Instead of hunting 
animals through the brush, you go to a 
supermarket. There you find man-made sub- 
stances, as well as natural ones. You load up 
a shopping cart with cake mix, ammonia 
window cleaner, a sack of potatoes, deter- 
gent, ground beef, vegetables, frozen orange 
juice, chlorine bleach, nail polish, furniture 
polish in a spray can, bread, eggs, milk, and 
some TV dinners. Sounds harmless, but just 
be sure baby brother doesn’t eat the deter- 
gent or drink the nail polish. Is the man- 
made environment really all that much safer 
than the natural one? 
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A. THE SHOPPING CART IS A GAS 


Suppose the tiles around the bathroom shower become ‘“super-dirty.”” The chlorine bleach 
doesn’t get the mess off. Ammonia cleans glass, so why not use it? Maybe it and the 
bleach will work well together. 


Put 15 ml of chlorine bleach in a small beaker. Add 15 ml of ammonia solution. Stir the 
solution with a glass rod. DON’T HOLD THE MIXTURE NEAR YOUR FACE. Use one 
hand to wave the vapor from over the beaker toward your face. Sniff carefully; don’t take 
a deep drag. 


1. What do you smell? 


Turn on the water in the sink, then pour out the mixture. Rinse the beaker and let the 
water run for an extra couple of minutes. You may want to open some windows. 


National Archives ° 





You have just produced the poisonous gas chlorine. It killed thousands of soldiers in World 
War I. It is still killing people, including housewives who wanted to try a little harder. 


2. What does this say about safety in our man-made environment? 
B. FIRE AT YOUR FINGERTIPS? 


It’s almost time for dinner. Your nails are half done. There is a pot on the stove about to 
boil over. You reach out for it with fingers wet with nail polish. But wait a minute! Be 
careful! 


Dip the end of a glass stirring rod into a bottle of nail polish. Pass the wet stirring rod 
through a flame. 
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3. What happens? 
Pour some nail polish remover into a small evaporating dish. Test it with a flame. 
4. How well does it burn? 


5. What flammable liquids can you think of that occur out in nature, on the ground or in 
the ground? 


6. Do you think it is dangerous to leave a bucket of gasoline in the kitchen? Explain. 


Things can catch fire even when no flame of any kind is brought near them. All they have 
to do is get hot enough. Bringing flames near is only one way of getting them hot enough. 


Some materials get hot enough to burn at 
much lower temperatures than do other 
materials. Take a small piece of wood. Hold 
a match to one corner for a few seconds. 


7. What happens? 


Put a small wad of absorbent cotton in an 
evaporating dish. Hold a match to one cor- 
ner for a few seconds. 


8. What happens? 


9. Why use an asbestos pad under a clothes 
iron? 


10. Fire is an interaction of matter and 
energy. How can knowing this help us to 
control our man-made environment? 


U.S. Forest Service 


C. DON’T SLIP AWAY FROM ME 


The traps in our environment are not always 
as Obvious as fire. You lean a ladder against 
the side of the house. When you are half- 
way up, the bottom begins to slide. Or 
maybe you come charging through the house 
and step on that little rug in the hall, and 
the rug doesn’t stay there. 


What decides when things slide and when 
they don’t? If you know why oil is used in 
cars, you know part of the answer. But go 
back to the rug. 
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Your teacher has two pieces of rug of the same size. One has rubber backing, the,other is plain. 
A paper-clip hook will be attached to the edge of each. A spring balance will be attached to the 
free end of the paper clip. First a weight will be placed on top of the unbacked rug, and the rug 
will be pulled slowly across the top of the desk by pulling on the spring balance. 


Weight Rug Spring balance 





11. What was the reading on the balance when the carpet began to slide? 

Switch to the rubber-backed carpet. Pull it until it slips. 

12. What was the reading on the balance? 

13. How does the amount of force needed to slide the two kinds of carpet compare? 
14. Which carpet is safer? 


The force between the carpet and the table is friction. It appears whenever two surfaces 
touching each other move. 


1S. If you were designing automobile brakes, would you want to create high or low 
friction? Explain. 


16. If you were designing ice skates, would you want to create high or low friction? Ex- 
plain. 
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D. KEEPING ALIVE TAKES ENERGY 


There are problems to staying in one piece 
in Our man-made world. We have mentioned 
only a few. The different things you investi- 
gated were all interactions of some kind. 














17. What interacts with matter to produce 
bree 


18. What kind of interaction produces 
slipping and sliding? 


19. Learning to survive in our environment 
means learning to understand the inter- 
actions of two things. What are they? 


Syd Greenberg from Photo Researchers 
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20. Mention some other dangers you know about that are part of our man-made environ- 
ment and are not in nature. Include things that you can buy in supermarkets and other 
stores. Mention things you have heard about that happened to your friends and neighbors. 


CONCEPT SUMMARY. 
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Explain. 
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D. KEEPING ALIVE TAKES ENERGY 


Explain. 
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CONCEPT SUMMARY: 
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You have completed a series of 1] investigations. They all have one idea in common. State this 
idea in your IDEA Summary. 
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IDEA 5 SUMMARY 
IS na lal 
Investigation ; Concept 


TS 








You have completed a series of investigations. They all have one idea in common. Read the 
concepts listed above. Now state the idea that combines them all. 


IDEA SUMMARY: 
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